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€NGINEER EQUlPf^ENT CHIEF. 
Course Introduction 

■ ' • , * ' . • ' • ■ i_ 

ENGINEER EQUIPMENT CHIEF designed to orient engineer equipment ciiiefs and prospective 
engineer eqJiprnertt chiefs'' in the concept of the operation and effective employment of a wide 
variety of engineer construction equipment and related subjects. 
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Supervised final examination without text or notes; time limit, 2 
hours. 

* \ t 

MCI 13-28d Engineer E quipment Chief Review lesson and- answer sheet. 

Students who successfully complete this course are permitted to 
keep the course material's. 

Students disenrolled for inactivity or at the request of their 
commanding of fleers* wi Tl return all course materials* 



V HOW TO TAKE THIS COURSE 

^ This course contains 5 study units. Each study unit begins with a general objective ^ 

which is a statement of what you should learn from that study unit. TheVstudy unitl^ are 
divicled into numbered work units, each presenting one or more' specif ix: objectives. Read the. 
objective(s) and then the work unit^text* At the end of the work unit text are Study * 
questions Vhich you should.be abl^*to answer without refe^r^ing to the text 5f the work unit. 
After answer'ing the questions, check vour answers against, the correct bnesJist:ed at the end 
of the study unit. If >ou miss any of the questions, you should restudy the text of the work 
unit until you understand the correct response. When you have mastered one study unit, move 
on 1,0 the next. After you have completed all study units, complete tKe review lesion and take 
it to your training officer or NCO f\r mailing to MCI. MCI will mail the final examination to 
your training officer or NCO when yoijSpass the review lesson^. * ' \ 
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mm CORPS iNsmuTi 



Welcome to Hie Marine Corps 
Instituft^ , cor regponaenee training pro- 
gram. enroHiuK in ^^t^ course, j/'ou 
have sho\\n a desire^to improve the 
skills you nOod lor elTective job p.p.rt*or- 
' mance, ancFSMCI ha^^rovided maiferials 
lo help you a!^hie\H* your goal. Now all 
you need is ^o^(}cvclop your own method 
for using these mhteHal^i to h>^\ advan-' 
rage. 

The tollowing-guidellnes present 
a foiu^-par t approa^*li lo completing vout- 
MCI course >:Jut-ceJ?f?r*lly: 

_ ]. \'!|jke a. "rt^connaissancje" ol 
your materials; 

^ r 

'2. Plan your siuflr lipie and elioose 
•* a g{>od study en\ i ronnnrni • 

3. Riudy thorouglily and systfin-. 
niically: ^ 

A. Prepare Tor ilie Cituil i*\ani. 

I. MAKi: A "RIX OWAISSAXCi: ' Ol * 

. yol H ,vi.\t]:hiai.s 

lie^nii wilh n look the course 
r introduetiwn paj:,'e. Uead the COTHSJ- 
r.\Tl^if:>l)l CTfOX to ^{iM lhe*"hig piciuiV" 
of tlie cuui se, Tlien r ead tlic M^A'ri:RlAL' 
soctjon near the l)(>tiom of tlie pJifte icj- 
find out V. hich ic\t(s) a!\d study ?ii(ks yc^u 
should have r-t>ceived with the course., 
Jf any of Jhe 1 i^^ted'nlateri51s arn^ mis£^- 
jng, se'e Infornvatieyn for \K:J Stude^ns 
to find out how to get thrni. If you ha\ e 
«'VQT\vt[iing llrcit is listec^. you ar e ri-afly 
to "r-econnoiier'' vour M('I eoursi'. 

• . \ 



s 

T 
U 
D 

Y 

G 
U 
I 

b 

E 




Head Ihroug^ the mbleCs) of con- 
tents of your* ie\'t(s). - Xote the various 
subjects covered in the course and the 
order in wbieh they urr taught. Leaf 
thr-ough the te\t(3) ancj look at the fHus- 



IX 



....„ .... 
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I rations. Read a few work ques- 
f\&\s to get an idea of the types that yre 
ask^d. If ^c^lCl provides oth(M- study 
aids, *suct) as a slide r^^ile or a plotting 
J^oav^, t'amillaru7.e yourself witli, tlicm, 
Mp\v, get down to spec'lficft ! 

JJ. PLAN VOI R STrOY -:tlMl^ ANi) 

cnoosi: a 00013 stCdy knvirox'- 

l\roni lookiti^ o\'er ihe course 
niaterials, you sliould have some i{Jeri 
of how much study you will need lo com- 
pliMe this efturse^ But "so'n"ie idea'' is 
not enough. You ne(^fJ \o work up a 
personal study plau: th(* following sti'ps ' 
should gi\'e ^'ou sonif* ht*lp. 



Qk) G(M a cajendat^ 
las H tvT tin* wcrk w hc"n vc 



aTid ntar k ihoso 
das H tvTtln* wcrk w hc"n yon luwe tinn* 
U\^p hn- study, Two study' t^^'^'i^^ds pi'r 
;j,\e(»k, i'ae)i lasting 1 to :^ hour's, ar^e 
Suggested for' ccnnj^leiitig the ininimuui 
two siuti\ units r'Oquii.ed (*ach riionth hy 
\1( J. Of course, \w)j-k :md niln'r 
Svho{hiJrs nr*i' not The saou* fni-.'n*i-r'vone 
The im|)i)r raiU ihing Is that schechde 
a.re'gular time for stu(l\ on th(* snmt' 
da\'S oj* rach wei*!^. 




(h) Ri^ad the vo/S^r int r oiJuc ii<»n 
piige agafct. Thr sectioV niar'kecl ORDMH 
Ol-' STl DIl'S rells you the runnbe-r of 
Siutly Units in the cour^se^and the a)>pr^o\- 
imaie nundxM- of 'study liout's you will- 
.need lo^complete each study unit, l^ljtjj 
these study hours into y9i;r__sctiediij c\ 
I'or- example, if you set aside twq 2-hoi'ir 
study periods c*ach week andjlu' ()!^IM/R 
OI-' STI'DIIOS estimates 2 study hbur-s for. 
your-, first sindy unit, you could easily ' 
)3clTtHhde aird complete th(^ firsf study 
unit in one study periled. On your calen- 
dar vou Mould mark "Study Unit l" on the 



appropriftt^^oy, Suppostj tViat {Uv 
seconct siikTv imtf oir your coursQ re^ 
quizzes 3 study hours. In Uiat case, , 
woulcf (Jivide the study unit in half and 
work on eacli half during a separate 
stndy period. You would mark your 
calendar accordingly. Indicate on yoiii* 
calendar exaetly when you plan -to work 
on each, study uiilt lor the entire course. 
Po not forget to sich^^dule one 'Or two" 
study periods to prepare* for the final 
exnm. 



Stick to 3''Our ^3ch(^dulc\ 



Besides planning your study , 
time, you 'should also choose. a study 
environment iluil is right for' you. Most 
peppli' need a quiei^placc* fur study, like 
a libraiy or a reading lounge: other i 
people study belter whei;e there is hack- i 
ground music: still others prefer to study 
out-of-doors. You must choose your 
study environment carefully sd^hat it 
fits your individual needs. 

in." stpdy THOHcJraui.Y and 

SYSTKMATK'Al.l.V 

Armed wiih o workable schejtkile 
and situaicMl in a ^;ood suidy t iu i ronmeni 
you ai*e now ready to atinck your coui se 
^ study unit by study unit. To begin, turn 
to tiie first page of study unit 1, On this 
page you will find the study unit objective,' 
a statement of what you iihould be able to 
dp after completlngj^the stt^y unit. 

\iork iMiit* qni'y lion^ -ijj^ Itn-ough 
iht* text far answersfelf you do so, 
you will prepar-c to fall, not pass, ihe 
final e\-ami Iii^t(*ad; proceed as fol - . 

low s: ^ ^ / 



(2)He^(l t!ic objective for the 
first work nnit^ and then r*(»ad the woi'k 
unit text carefully. ' Make notc^s on 
the i(h*as you feel ai*e important. 

(B)\Mthcn!t referring to the t(^\r, 
answer tht- questicMis at the (»rul of itie 
work unit. 

(c^ Check your answers against 
the eorr(*ct ones listed at Ihe end of 
• study utift, 

^ ■ (d) If you misfi^ny of the<questi(^ns, 
rtstudy the work unit until you undor-stand 
the correct response. ^ 

(k) Go on to the ne\t work unit and r-e- . 
'pent steps (2) through (d) until you ha^e eoI^^^^ 
pletfjifl all the work units in the study unit, \ 



Tollow the same prnced^jrc* for each 
study unit of (he coifrs^. If you have / ■ 
problems with the text or work unit questions 
that you cannoi solve on your* own, ask 
your sectir^n QIC or NCOIC for helpk If 
he canrtot aid you, request assistance from 
MCI on the S.tudi^it Ccnirse Conieni Assis- 
tance Request included with this»Ooutse. 

When t){oU have finished all the study^r 
linlts, complete the course revl€\v le9'^6n. 
Try to answer ^ach question wltfiout tlie aid of 
reference materials. However, if you do not 
know an answer, look it up. Wlicn you have 
flrtisluHi tlic lesson, talce It to your training 
officer or :N^0 for mailing to MCL MCI 
will grade It and sefffl yO'u a feedback sheet 
listltig course references Yor any questions 
that you miss. * 



I\\ PRKl'Al^i: I-X)R 'nil: I-IXAI. iJXAM 




How do yon prepare for the final 
p\nm ' follow i!u*so foui^ steps; 

> 

. (a) Hi-'vi(M\ <«ach study jiniit ol)jeciive 
as a summary of what w gis taught in th(^ 
cour-se. ^ 

(H)n<M'<*ad all po!-tionrf of the t(^\t 
rliar \ on fonud |)arT!ciilarly ciifficuH. . 

(c)Ht'\i< u all ihr woi k unit (pM'Stions, 
pnying sfx-cinl ;uicnij<»n to thosc^ yov inissed 
Mu^ firs! lime aroinui, y * 

(Tj) study the course review 
le.sson, paying particular attention 
to the questions you hissed. 

If you follow these simple 
steps, yovi should do well on the 
flnal.^, GOOD LrCK! 
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STUDY UNIT 1 ' ' ' /' 

* * 

CONSTRUCTION MANAGEMENT ' ' - 

lyOoY UNIT OBJECTIVE: UPON SUCC^bSFUt COMPLtTION* OF THIS S1UUYI|B|IT, YOU WILL BL 
ABLE TO LIST THE PROCEDURES FOR PLANNING, AN ENGINEER OPERATION AN? #IPLOYIN(. PER- 
SONNEL AND ENGINEER EQUIPMENT; YOU- WILL BE ABLE Tp DESCRIBE: THE PROPER USE OF JOB 
• SUPERVISION AMD EQUIPMENT- SUPERVISION. YOU WILL BE ABLE TO DESCRIBE THE PURPOSE; 
FREQUENCY, AND TYPES OF INSPECTlON^^SEO IN AN ENGINEER ORGANIZATION. 

Effective job majfiagentent is essentiar^w' prompt and efficient completion of any con- 
pfoject. Ineffective management can result in time-consuming 4flays. However, un- 
)robl€fns do arise: lack of personnel and materials, unforeseen obstacles caused by 
thV^n^ture of Uie' terrain, and equipment breakdowns. Faced with situations such as these, the 
equip<nent chi^f must make a qtiick evaluation of the situation and-decide upon a practicaL 
course of action to-comp1ete the assigned task in the allotted time, >This Is the-goal of suc- 
cessful man^ement: completion of the constructi6n project within the speCified time, limits* 
through the^ffective use of manpower material s, and equipment. . - 
> ' < 

The ppocess of management is a^'logical sequence of events which continues throughout 
tlje entire construction project. It starts with preliminary' reconnaissance, sketches, sur- 
veys, arK\ estimates* ^It ends with a completed fecord at the concPusion of the project. The 
three phases that mak^ up successful management of a construction project are planning, sched- 
uling,, andxlose supervision of the work-- to assure adherence to schedules and plans. The 
first two pnases are densely related, while the third is somewhat distinct. The first step in 
executing 'any con fftructi on projeclf is to make an accurate field survey including the collec-- . 
tion of maps r photographs, profiles, and cross sections. From tfie survey the amount of 
materia! to be mo)(ed or excavated can be determined.. The length of hauls and the amount of 
brusKVand. trees £o be cleared can also'be determined* These and other pieces of information 
s^rveas t»e basis for scheduling. Scheduling is the development of a detailed plan for the 
performai).ceS>f work to achieve maximum effort from personnel and equipment with a niaximum 
economy of materials. Gompletion dates and assignment of equipment, personne^^ and materials 
to specific jobs are part of the overall joD plan. This plan coordinates >J4 construction 
operations and indic^ttes how available eqtilpmervt and personnel will be used. The" supervision 
. phase incl^Iaes control, coordination, and adjustment of the construction schedules. Good 
-supervision requires persohal inspection of the project to Insure achievement of the intent of 
the plans and directives. ' ' . ' " . ^ ' 

^ Section I. PLANNING ' ^ 

Work unit 1-1. PLANNING AN ENGINEER CONSTRUCTION PROJECT ' . ' 

STATE DURING WHICH PHASE OF AN AMPHIBIOU'S OPERATION YOU SHOULD PLAN FOR THE AMOUNTS 
OF CONSTRUCTION MATERIALS, EQUIPMENT, AND TROOPS NEEDED FOR AN ENGINEER TASK. 

To insure' that assigned e^ngineer tasks can be accomplished after arrival in the objec- 
tive area, a considerable amount of detailed planning is needed. This planning should be ac- 

^ complished during the planning j^ase of ^e amphibious operation. During this phase you 
should plan fdr tfTe anticipated y^quiremAits for'the amounts of construction materials, equip- 
ment, and troops. During the initjal planning of the assigned engineer task to be acco m? 
plished, it is essential that certain fac^ and inforination be available. It maiy j^^f^e es- 
sential- to cojlect additional Jnformation^y reconnaissance. Adequate Intel 11 gehcBril 1 sel- 

V dom, if ever, ^available to provide the engineer with all the information required. ' Any 
lack of informwpn must be overcome by planning that is based on sound judgement and prior 
experiertce. TflPdmount of detailed planning required in the task plan will be directly re- 
lated tq the oomplexity of the work to be performed. A detailed plan required to accomplish a 
major engineer task m^y Include: ' 



A brief sunmary of the plan including the utilization of resources available. 
A site' pi an showing where the work is to be perfprmed. - 
Design calculations. ^ ' 

Work programs. ' 
Drawings and sketches. , 

Various schedules for materials, equipment, phasing, arxd completion. 



EXERCIS^ Answer tfve' folldwjng^questlons ana check y(jiur answers agafnst those Usted at tPie 
end of -this stu<jly uOlt. i* ■ 



V 



1. State durin^^^hlch phaie of the amphibious operation you should plan for the 
amounts cjf c8S*iructi on- materials, equipment, and troO^s needed for an engineer 
task. » ' . 



2: H6w should you determine the amount, of detailed planning needed in the task 



Work Unit 1-2. 'PROJECT SITE CONDITIONS 

Ll'ST WHICH TYPES OF WEATHER ARE BEST4 SUITED CONSTRUCTION AND EARTHMOVING OPERA- 
► . TIONS. " . 

■ STATE WHICH SITE CHARACTERISTICS INFLUENCE THE TYPE OF EQUIPMENT AND CONSTRUCTION 
PROCEDURES TO $E USED AT A CONSTRUCTION SItK 



•Conditions of the con$truction site directly Influence the layout of {he co^struttibn 
project, the selection of the types of equipment that will be used, and the planning and 
scheduling of construction operations. " , ^ 



Weather . Long-Grange planning of construction activities includes consideration of nor- 
mal seasonal changes in locat weather* Warm, weather is ideal for construction -work. Light 
rains are also beneficial . Cont1i\ued'' rainfall s like thote encountered in t^e tropic^ hinder 
most pf\^ses of construction and earthmoving operations.. Cold weather requires special ^equip- 
ment for handling soils and aggregates, and extra maintenance for equipment. In addition, 
cold weather lowers personnel efficiency, which affects the production rate. 

Topography and soil conditions . The " topographic characteristics of the construction 
site control the volume of cut and fill, the length of hauls, and the location aVid layout of 
material plants or burrow pits. Topography influences the types of equipment and construction 
procedures to be used and the location of maintenance areas. The types of .(naterial s excava- 
tedy sources of embankment materials, and the types of equipment to be^employed are deter^ned 
by soil conditions. The types and structure of rock formations affect cut and fill/lSwra*- 
tions, especially if drilling an<J blasting are required. Rock work is costly and tlJft^on- 
suming and should be ^voided if possible. The type and structure of rock formations, wi 11 
determine their suitability for use afe fill, base course, and surface course preparation. 
W'hen bedrock is close to the surface, its type and Structure should be noted^ This Will have^ 
a distinct effect on drainage and suitability for use «s a naturaj foundation.' 

EXERCISE: Answer the following questions and check your answers against those listed at the i 
end. of this study. unit. 

1. List which types of weather are best suiied for construction ^and earthmoV%g 
operations? 



2. What effect does cold weather have on personnel efficiency? 

. . . ...^^ - . ■ 

3. State which characteristics inflt/ence the type of equipment and construction 
procedures to be used at a construction site. ' 



4. The type and structure of rock formations determines their suitability for use 
as fill. 

a. True* " ^b. False ^ 



work . Unit 1-3. LOCAl^ RESOURCES AVAlLAbtE^ 

LIST WHICH LOCAL RESOURCES^* CAn BE AT A CONSTRUCTION SITE. 

In military construction^ every effort should be made to use available local / 
.resoiir*ce$. These Include localflabor as well as local construction materials and equipment. 
'An Inventory of available laborl equipment, and materials should be made. The final jlst 
should Includf jmly those resouwes^ tftat are inwedlately available. This list will make it 
j^possible <vto d^termin^ what additional support ^111 be required to sustain the constructi6n ' 
project. o . . ^ ^ 

Labor , lpc^^^ labor is often used to supplement, tpops and equipment and to release ad- 
mini strati ve personnel for trairving as techtfi(^ians or operators. The use of local labor In- 
creases the risk of sabotage and. espionage, and requires rigid^securlty precautions. Local 
lat)or»r& are usually ^ployied mpst effMcientiy when superv1\ed by lodal foremen and when al- 
. lowed to use tools wllm which they are familiar. Laborers are usually paid at the fair local 
rate -for the type work they perform. 

Material s . The quantities -of materials on hand must be compared with the quantities of 
matenials that will be needed^ This wtll allow. for arrangements to be made for (^talnlng 
those materials which are needed. Local facilities^ such as buildings, roads, quarries, and^ 
water soi^rces, are yjsed whenever possible. - The volume and tonnage at construction Materials 
is tJ^eqiiently-so large that every effort should be made to use available local materials and 
resources. , ^ ^ 

Equipment .^ Local construction, transportation, and farm equipment can be adapted for 
use on constrjuctipn projects! Captured enemy equipment should be repaired and used if pos- 
sible. - . 

EXERCISE: Answer the following questions and check your answers against those listed at the 



end of this study^unit. * 



1. What type ^ supervision is the most desirable one when employing local labor? 



a. 

,b. 
c- 



2. List which loo^l^H^rces can be used at a construction site. 



. 






— — T — 
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Which local facilities can be used at a construction site? 




4. What\should be done wUh captured enemy construction equipment? 



Work Unit 1-4*, PROJECT TASK ASSIGNMENT , . 

NAME THE MOST DESIRABLE FORM OF WORK ASSIGNMENT. 

Engineer plans, prior to an amphibious/operation, are normally prepared iit brigade and 
higher levels. ' This information is distributed to subordinate units in the form of a standa«l 
five-paragraph order. . This order contains such information as situation, mission, details of 
specific tasks tq subordinate engineer units, jB^dministrationLaod logistics Instructions, and 
command and communications instructions necessary to insure proper execution of eni^lneer mis- 
sions* After appropriate staff planning by the division engineer and approval by the land-r' 
ing-force c<Anmander, the subordinate flements are assigned specific taskSi This is the unit 
task assignment and is the mpstdeslrAle fom of work assignment* The unit task assignment 
clearly defines the job to be done,* ll mayMnclude prelin\inary and/or fragmentary plans and 
specifications, or tt may refer simplyfto .standardized drawings and specifications. The task 
assignment will normally include the following information: ^ 



Description of tffe mission. 

Location of the proposed construction. ^ . 
Starting tix\6 cpnipletion dates* ^ 
Supply information as to construction materie^ls, etc. 
Priority of the mission, * 

Unit size to complete the task and additional su^ort If required. 

As an equipment chiefs- you will not havp much of ^^an opportunity to come^.in contact with 
the prior planning phase of selected construction pro^g^^, but ^11 receive your assignment 
from the Company commander. The -company commander recefves his assignment from the battalion 
comma/rder, who is assisted by the battalion operations officer ^-3), ' j 

EXERCISE: Answer the following questions and check your answers against those listed at the 
end of thjs study unit, ' > ^ 

1, Prior to an^mphibious landing, at which level are engineer plans normally 
prepared^ . • . ^ [ * ■ 

2. Name the most desirable form of work as$ignment. 

V ^ . 

— r~ ~ — -: — ■■ y — ■ 

Work Unit 1-5. SITE RECONNAISSANCE 

LIST FOUR TYPES*Or INFORMATION CONTAINED IN ENGINEER RECONNAISSANCE. 

Reconnaissance Is u^fijito keep the engineers completely aware i^f matters of present or 
BotentiaT concern from the engineer viewp6int. It Is used to obtain technical information not 
obherwise available, to verify Information obtained from other, sources, and to determine the 
availability of local resources. Ehgineer reconnaissance .is preplanned, organized, and con- 
tinuous-^ The engineers making the reconnaissance should make certain they know the exact In- 
formation desired.'. All engineer NCO*s must be capable of conducting an engineer reconnais- 
sance. Future engineer planning and operations depend on the informat-ion obtained; therefore, 
all reconnaissance should be thorough and accurate. Standard forms such ^ls the one shown in 
figures 1-1 and 1-2 cover the. usual types of Engineer reconnaissance. These are usually Is- 
sued, in advance, to engineer |)ersonnel. Some of the more common types of engineer reconnais- 
sance are: 



Routes of communication. 
Bridges and bridge sites. 
Water sources. 

Construction materials and equipment. 
Roads and road sites. 
Airfields and airfield sites. 



/ 



All information provided in a reconnaissance should be stated as fact. Sketches, ^aw- 
ings, and photographs are goodf methods of recording information and shogld be used wheneveii:^ 
possible^ During the reconnaissance of a projected construction site, the reconrtalssance 
party should make overlays to. show possible routes to the job site, natural- material sources, 
potential defensive positions, and potential storage areas. 
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Fig. 1-1* Road reconnaissance report (front). 
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Fig 1-2. Road reconnaissance report (back). 



*^ ' Routes . The purpose of route reconnaissance Is to gain information which will aid in 
the selection of rdutes to be used for the movement of equipment and materials* This informa- 
tion win allow construction teams to move effectively without obstructing each other. Time 
has a big influence on the selection of the routes between thie construction site and the mate- 
rial resources ^reas. Natural ob$tructions such as stream beds> swamps, flooded areas, and 
mountains should be avoided if at all possible. When operating in a forward area, camouflag- 
ing of these routes should be taken into consideration. . . 

^ Defensive positions . Planning to reduce the effects of eneniiy Interference must be 
based on enemy capabilities* These capabilities vary as the enemy potential c+ianges. Plans 
should provide for the developing of standard operational procedures for defense of the work- 
ing crews and the protection of the construction site in the event of an enemy attarck f/om air 
or ground forces. Camouf l/aging of construction equipment is •generally impractical, sirfce 
normal work dispersion is Mequate* OefeniivV positions covering avenues of approach to" the 
construction site should be^noted, and plans to have them brought undeV* control should be 
made.* Evacuation routes for equipment and material Should be noted. Maximum attention shbuld 
be given to developing realistic and workable plans to meet probable emergency, situations* In 
all construction, whether in forward or rear areas, existing facilities must be protected to 
prevent^ destruction or damage,; Unnecessary damage to these facilities may require extra man- 
power, materials, and equipment to regain losses. This^loss time and materials far exceeds 
that which is necessary to prevent destruction* 

storage areas > Selection of materials storage areas must be one of tne first items * 
scheduled in the plan for construction; T^e location of the storage areas should not i^ 
intef'fere with construction qperations* but they.should be close enough to operations so that 
materials will be readily available. Such items as rock crushers a*nd asphalt plants must be 
placed in the best locations with respect to the p|W materials.^ Movable engineer istquipment 
must^have parking areas and maintenance faciliti^V^ It may be advantageous to provide ^ 
temRDfary shop facilities for work to bfe done on an a^tsembly line basis to meet the needs of 
the construction site. Concrete form$ and panels might be constructed In the fear area and 
transported to the site wh6n needed. The storage areas should be arranged so as to permit 
easy movement of trucks and materials handling equipment. The size of storage areas can be 
rou^h)y estimated at one square yard per ton of mater^ial. t 
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Natural material regources . Wooded areas with trees large enough for use as timbers In 
bridging^and other construction should be noted. Other jsreas to be considered are thosa areas 
that could be used asquarrles for crushed rock. and gravel. Rivers and small lakes can be 
useful for water supply. " ^ 

^, ' > ^• 
EXERCISE: Answer the following questions and check your.aft^wers against those listed o^at the. 
end of the study unit. ' • , - 

1. Engineer reconnaissance ends when construction of a project begins^; 
a. True ^ b. False 

2, List four types of 1nf»ormatibn contained In engineer reconnaissance. 



a. 
b. 
c, 
d. 



ral obstructions suth as swamps and flooded areas can be an advantage to a 
tructlon site. ' ^ 

a. True ' b. False 



Natur 
cons 



4. Why should d^fen^lve positions be considered while making an engineer 
reconnaissance? 



5. What is one of the first items scheduled for ct)hstrMCtion? 

a. Parking for the CO*s jeep 

b. Staff NCO club " 

c- Dining facility ' ■ 

d. Storage areas 



Section II.. SCHEDULING 

In scheduling, the planner arranges each sub-task In the logical :fequ$nce in which the 
task would occur. This is done after he has balanced the available sources of manpower and 
equipment required to place, move, or fabricate the available material so as to accomplish 
each sub-task within the time allotted. Speedy, .efficient, and workable schedules can be pre- 
pared only when . the planner gives consideration to both construction princriples and existing 
limitations. One of the first principles is to start/ as soon as possible, that portion of 
the project that wi|ll take the longest to complete. The men and equipment should be kept go-' 
ing on the job' as long as possible. Speed and efficiency can be obtained by the use of thi$ 
pp4noiple. In scheduling, one of the major limitations is that at no time may the physical 
capabilities of the equipment be exceeded. That is, a piece of equipment can not be used at 
two different places at the same. time. Another limitation is that at no time can job^ be done ' 
out of sequence. An example of Ihis is that stripping cannot be done before grubbing. Jhe 
application of thesejimltations^lll provide a workable schedule. In scheduling the use of 
equipment and work items, some aids that can be reproduced locally are the Work Estimate 
Sheet, the Equipment Requirement and .Assignment Schedule, and the Construction Operation 
Schedule, 

WoV-k Unit 1-6, EMPLOYMENT OF PERSONNEL. . • . 

LIST THE THREE TYPES OF PERSONNEL THAT CAN BE USED TO ACCOMPLISH AN ENGINEER OPERA- 
TION. . ' • ' ' ' ■ . . 
, . "... . ' [ \ ..V f< > i : , 
The types of personnel and equipment tKat can be used fpr Accomplishing essential engi- 
neer lasks are many and varied. For this reason/ it 1s not practical to provide each subordi- 
nate engineer uni.t of the battalion with every skill and item of equipment available. No sin- 
gle engineer unit is capable of 'performing comprehensive engineer missions in support of Inde- 
pendent operations* " , 

Detached engineer units are reinforced specifically for the assioped mission. Platoons 
may be assigned special equipment and men from company headquarters* 1l|e companies depend 
upon battalion he^idquarters for certain services and personnel j The "employment of engineer 



( ^ 



troops on tasks thJft do not require technical skll I v should generally be avoided. The capa- 
bilities andj|6e of labor . in road and airfield construction are discussed here in rlfP.dtionship' 
to employment, classification, and measures of work capacity. TTiere are three classes of la- 
bor: troop labor* local civilian labor, and prHoner-of-war labor. The ability of a unit to 
do work is determined oy: , 

^ ' - - ■ 

Work output per man per day. 

Man hours per (Jay normally available from the unit, frequentljf expressed in larger 
units of work capacity such as platopn-days or battalion months. 

Additional manT.hours per day available from the unit in an emergency. ' ' 

There are a number of factors which (determine the man-hoi/rs that can be normally worked 
per day. A 10-hour ?*brk day in a combat zone is desirable, but troops can work 12 hours per 
day when necessary. The construction strength, of the unit assigned to the job will determine 
the total jnan-hours per day. The hours' of dayljoht and the availability of night lighting i 
equipment will determine the length of the workday. The number of shifts depend? on the unit 
strength, the liength of the day. and the availability of tools and equipment. Provisions for 
maintenance of equipment wilV modify the number of hours pei^sonnel can work. Usually two 
10-hour shifts can be maintained if maintenance personnel can be used during the A-hour^shut 
down l)eriod and daily (naintenanca is done^on the site. Since operators must ^e allowed time 
fpr before-and af ter-opSTatlons maintenance, about ntnt. hours of effective work can be realis- 
ed when a mid-shift mealt is served on the job site. ' ' / \ 

Troop labor . The qonstruQtlon strength of a uijit Is the number of men from that unit^ 
actually available for the construction work. Administrative and housekeeping personnel not 
available for duty are not included in the construction strength figure. , The strength of the 
engineer unit engaged in construction should not be les^. than 65* of onboard strength.. The 
wprk capacity (In man-hours) of a unit Is based onMts construction strength. The emergency 
strength includes personnel that were previously exempted. 

. x> ' ^ 

Local civilians . Construction demands in a combat zone usually exceed the capacity of 
available engineer trodps. When possible, the excess 4ork can be handled by utilizing local 
civilian labort Hiring of local civilians boosts the local economy and trains the local popUnj>ji^ 
lace inx:ertain skills which are beneficial ta the community and to their coi^ntry ?is a whole. / 
Such personnel should be cafiefully selected'to maintain local security and work, efficiency, 
and to prevent pilferage and^abotage. It is advisable to select a local leader, tribal or 
village chief, or locally recognized authpritj^ to serve as a labor superintendent. Wherever 
possible, whole existing labor organizations are hired. The selection of local civilian labor 
Willi be carried out in accordance with standard operating procedures established by military ^ 
government' or other authority. In scheduling construction, allowances mustW made for ab- 
senteeism <faused by Illness and by misunderstandings, language difficulties, religious obliga- 
tion^ and customs. Because civilian populations are often poorly fed or diseased, absenteeism 
may be as high as one day per week per man. Conseqqently with a six-day workweek, the reduc- 
tion In actual man-days*may be as high'' as 25i. This figure is obtained by multiplying the 
number of construction laborers (exclusive of administration personnel) by the number of work- 
days allotted to the project. These figures will vary with conditions and should be adjusted 
to conform with expejj4ence in a' given area. 

Prisoner-of-war labor . Prisoner s-<)f,-war may be used effectively to augment engineer 
units In the construction of roads and civilian airfields. Prisoners are iubject to the laws, 
reoulations. and orders in force In the armed services of the United States, including the 
Uniform Code of Milit|firy Justice. Prisoners are to be treated humanely at all times. They 
should b^ protected from violence^ Insults, and curiosity^ Measures of reprisal are. prohib- 
ited, i The rules of land warfare $ft$ dbwn by the Geneva Convention, Articles 31 and 62, re- 
strict the employment of prisoners-T)f-war to those taski that have no relation to war opera- 
tions and those not Involving dangerous or unheal thy work. The posslbll 1 ties lof extensive 
sabotage and the possible requirements of excessive guard and supervisory personnel may limit 
the use of prisoner-of-war labor oh hany projects. Supervision on the jol? is done by the 
using unit. Inwediate supervision is done by their own NCO's, who receive instructions from 
the officer in charge of the construction project. ^ 



EXERCISE: Aiiiwer the followlrtg Qwestions ^and check your answers against those listed at the 
end of this study unit. , " ' 

1. In a combat zone, what would bie the most desirable amount of (lours in a work ^ - 
day? v ^ Z _J 

2. List the three types of personnel that can bemused to accomplish an* engineer 
operation^ 



a. 
b. 
c. 



3. List three of the problems that may be created bry the use df local civilians. 



b. 

c. 



4. PrHoners-of-war ma^y be used In the construction of vital roads an(i military 
airfields. ^ ' ^ , . 

a. True , b. False 

\od Unit 1-7. WORK^ESTIMATE SHEET 

. - CALCULiJTE^ BY THE USE OF FORMULAS. THE NUMBER OF MACHINE HOURS, AND DAYS NEEDED TO 
' COMPLETE AN ENGINEfR PROJECT. ^ 

The project^ named, numbered, or described In the project or descHptlon block of the 
work estimate sheet. (fig l-3)j starting and completion dates are entered in th^ir appropriate 
blocks, fhe datej are often dictated by the job or task assignment. The three columns under 
the "Work Operation" section constitute a surimary of the quantity survey^ The work operations 
are nomberfed con'secutl vely In the first column. The second column Is a description of 'the 
work to be done. Column three should include such Information as the number of acres to be 
cleared and the cublo yards of earth to be moved. The next five columns, headed "Equipment"^ 
Estimate", are completed at the same t\w4 (more Information on equipment estimation is includ- 
ed^ in chapter 2), In the first of these ^Ive columns Is listed the types of equipment to be 
used to complete the various stages of work, listed under "Description". This Information can 
be based on past experience, on similar projects under similar conditions, or it can be 
estimated as will be shown in study unit 2» The next column, headed "Estimated Hourly 
Output", gives information such as fhe estimated acres Rer hour or cubic yards per hour. The 
third column is the required machine hours necessary to complete that particular phase of 
construction listed under "Description". This figure is. derived by dividing the "estimated 
hourly output" into "work operatioh quantity"* ,A machine-hour is the Use of an item of 
equipment for one clack hour. The last two columns under "Equlpn^nt Estimate" involve a 
decision of how many items of equipment should be assigned td^the operation and the number of 
days to be allotted for the completion of that specific work item. *the total days that, the 
machines are assigned can be arrived A by mulfiplyiog the number of machines assigned times ^ 
the number of hours of work in the workday* Then divide the results into the required 
machine-hours. The number of pieces of equipment assigned to a particular t^^ is based on 
two primary considerations: the amount of equipment available and the completion dates. 
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f F1g 1-3. . Sample Work Estimate Sheet. / 

Estimation of total machine-^hours and total days to comple^ja a specific task assignment 
are given in the following examples, 

EXAMPLE 1: You are supervising a^oject ttiat reqliires 48 acres of land to be cleared. You ' 
have estimated that your! dozers have a capability of work^output of 0,25 acres per 
hour. How many machine-hours wllf be required to complete this assignment? 

The formula: M= a^ Where: id^=m?ch1ne hours a=area to be cleared b=dozer output per^iour 



Solution to example 1 : 



b 

M= 48 
M=192 hours 



EXAMPLE 2: You have in your work force 3 dozers» working 2 shifts of 10 hours eaqh^ Using 
the answer from example 1, how many .4ays will it take to complete the task? 



Formula: 0= M 



a.b.c 



Where : D=days 

• MrDiachine-hours 
a'dozers 
b»hours of work 
c«sh^fts 



J 



Solution to example 2: D = M 

a.b.c 

e « 192 

IxW 2 

D-192 
D«3,2 days 
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The last three columns on the work estimate $heet, under the heading "Labor Estimate",, 
are used to determine man hours, number of men assigned, and total days men assigned. "Re- 
quired Man Hours" are determined by multiplying *'Number Men Assigned Each Shift" by "ToVal 
Days Men Assigned". 

%' 

Total days men assigned has to be converted to hours, F(^ example, 2 shifts (10 hours 
each) each day for 4 days would equal 80 -hours, ^ , 

2(sh1fts) X lO(hours) ^^20(hours work per day) 

20 X 4 days » 80 hours 
* ■ 

Example: You have 6 men assigned tb your work task for 4 days. There will be 2^ shifts each 
day^JlO hours each. What Is the total ^'Required Man Hours"? 

The formula: H«a x b ' Where: H"man hours 

a=»number of men 

b=total days men assigned 

Solution to example: H^'a x b - 

- . *• " 

" ' H=6 x 80 ' y ^ , 

H=480 Required Man Hours - 1 . , . , ^ 

EXERCISE: Answer the following questions and check your answers against those listed at the 
end of this study unit. - , . 

^ ■ 'it- ' 

1. The work estimate sheet is used to show the pnjgress of a project. 

a. True * b. ^aKe^ 

> 2. Calculate by the use of the formulas given, the number-^f machine hours and 
days needed to complete the e4^gineer project, in>the following problems. 
' ' ^ ' . I 

a. You are supervising a project that requires 36 acres of land to be 
cleared, i You have estimated that'your Jliozers have a capability of work 
output of 0.25 acre per^ho«r. How many machine- hours will be required to ^ 
complete this assignmen^? ^ ' ^ 

_ ^ ■ - ' ^ . r~ 

b. You have in your work force 4 dozers workkig 2 shifts of 8 hours each. 
'^l>sing the answer fro*ln the previous ej^amjle, >how many" days will it take to*. 



» '^Uslng the answer from the previous exa 

- complete the task? * / 



f ' 

Work Unit 1-8. EQUIPMENT REQUIREMENT SCtoULE - 

STATE THE PURPOSE^OF AN EQUIPMENT REQUIREMENT SCHEDULE. ^ ' * \ 

. As the work estimate sheet and the constructTon operations schedule aVe devel^ed^ 
Mulpipent schedules are pr^ared show1n9 th# daily requirements. ^Equipment schedules m«y|be 
atljusted as necessary. Whin one wort Item is ahead of schedule/lo^^^ should be shifted 
to' a work iteathat is laggingt The fir>^t column of the form {f^f^ l-4) lists the typt of 
equipment »to be u$edv The second column lists the type of work for which ^aclv piece of equips I 
ment Is lo be assigned* The balance of the chart is he^ed by calendar days under which Is ^ 
listed the amount of each type of equipment that is required daily for ^ch work i tem. 
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Siample jsquipit^^nt requirement schedule^ 

EXEftCTSE:-^ Answer the *fol\i>w1ng "questions and ^check your answers again^ tjdose Jj^sV^d the 
end of this sti^y unit, ■ ^ , ^'^ J 

}. ^tatr^he purposevof ' an equipment requirement schedule. 





2. Wh^v-shoufd you do wi<h equipment when one work item is ahead of schedule? 



Work>in1t EQUIPMENT ASSIGNMENT SGHEDUir _ ' ^ ' ^ . 

. - 

STATE THE PURPOSE OF THE EQUIPMENT ASSIGNMENT SCHEDULE. 

The equipment assignment schedule (fig 1-5) is a self -explanatory iaally or weekly/rc- 
port which can be reproduce* at the local level. The purpose of the scheduVe Is to allyOw sub- 
ordinate unfits to pi an their equipment usage more eff icieiitly. 
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EXERCISE: 



y Fig 1-6. Sample equipment assignment- schedule. 

Answer the following questions and check your answers against ihose l^isted at the 
end of this study unit. ^ • y 

1. The Equipment- Assignment Schedule is a(an) _ 



produced form. 



• Marine Corps 

000 

c. locally ^ 
cH Army ^ 

2. *What is the purpose of the equipment assignment schedule? 



Work Um 



iSrt lit. 



7" 



CONSTRUCTION OPERATIONS SCHEDULE 
LIST THE TWO ^(^iEDULES WHICH MAKE UP THE CONSTRUCTION OPERATIONS SCHEDULE. 



Ui^ng the information from the work estimate sheet and the equipment assignment sched- 
ule» decisions are macfe as to what di^ys Will be spent on which operation. This information is 
entered on the cons;truction operations schedule (fig 1-6) and serveS'as an operations' control 
chart. By entering the progress mfljcle on each &tage of the construction prx)ject day (by day» 
the actual progress can be compared with the progress that was previously planned for the op- 
eration. In this way when jone area 9f construction Is lagging^ additional equipmerit can be 
transferred from an area that is ah^d of schedule. As mentioned before, the work estimate 
sheet, the equipment requirement sche^ale, and the construction operation progress chart are 
all dependent upon one another and are prepared simultaneously. • It nUi^t also be noted that 
time should be allotted fof the erection of camp sites, storage areas, and equipment such as 
rock crushers and saw mi 11$. . ' . ' 
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Fig 1-6. Construction operations schedule. 

EXERCISE: Answer ^following questions and check your answers against those listed at the 
end of this study unit. A 

1. List the two schedules that make up th^ construction operations schedule. 



a. 

b. 



2. If one area of construction is behind schedule,|what can be done to bring It 
back on schedule? % i 



3. What is the purpose of the construction ^erations schedule? 



Work Unit 1-11. PRODUCTION REPORTS 

" LIST THREE SIMPLIFIED METHODS OF REPORTI^iG PRODUCTION PROGfftsS. 

• The system of report used In the field to record daily progress §hould not be so elab- 
orate e^s to overload supervisors afid operating personnel with administrative paperwork,/ But 
neither should the report sy Si tenf so small that U would fail ,to give an adequate picture of 
the situation. Three types of repojrts that can be. used for reporting production progress are 
daily, accumulative, and fra^entary. ^ 

Daily production report . The report ser^s three useful purposes: 

It indicates whether full use of men and equipment l^made/ v 

/ It is the basis for the preparatlojj of the accumulative production report. 

Together with the accumulative report it serves as an experience record which will 
assist 1h future planning ahd estimating of perspnn^l |^^^ equipment. 

Accumulative report . An accumulative r«port,tan be pit|>*re<l.to cover a certain period 
of timel Mormally this report will show all the expenditures of man-hours and equipment-hours 
from the start of the project to the date of the report. All accumulative report Information 



is ,col lected by aciding th^ d<eit4 frOm the dail^ report. Such a report covers the project from 
start to finish. This information will serve as a valuable guide for future planning. The 
accumulative report can be prepared from the form shown in figure 1-7 ' 
locally. * • . 



and can be reproduced 



V{rr, or raiom- 



ill- 



H!ftSOM>fL 



^:x^'avnKp 



Fig 1-7. Sample, ^production report (da^ly and accuJnulat' 

Fragmentary report . Fragmentary reports are nornrally made in the form of message sum- 
'na^'ies using the standard U.S. Marine Corps message form. This method is applicable to all 
types of reports normally used by engineers. It is a shortcut method and is used when re- 
quired by fast-movinq operations. Fragmentary reports provide pertinent, timely information 
and are transmitted in communication language. They may be required to be followed up by a 
written report. v 

%i 

EXERCISE: Answer the following questions and check your answers against those listed at the 
end of this study unit. .. . 

1. Lis^ three Sl(npl1f1ed methods of reporting production progress. « 



a. 
b. 
c. 



Section III. SUPERVISION 



Work Unit 1-12. PERSONNEL SUPERVISION 



HATCH FIVE OF IJIE FACTORS OF GOOD PERSONNEL SUPERVISION WITH A DESCRIPTION OF THE 
FACTOR. ' 

Supervision may be defined in a number of ways. The^erms "managenient" and "adminis- 
tration" are related to. ami overlap supervision; In fact, supervision is a par*t of 
management. Tor direct jnd Inspect the performance of workers (or Wrk), Is one definition of 
supervision. Jt is absolutely essential for a supervisor- to be competent in his specialty. 
This alone, however, will mt get the job done. * As well as knowing the job to be done, a go<i4. 
supervisor must know the tcdpabil Hies of his men and must know the techn|jC|ues of good supervi- 
sion. Effective superyl4ldn, consists of correctly organizing personnel, inspecting opera- 
tions, personnel, 'e|u^ffli?nt and materials, and maintaining morale. < i| 
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Defense and security Qf persor^nel and Job . Vheh Operating In forward ^rea$, security 
of the Job and of the personnel Is necessary to Insure that the work schedule Is not Inter- 
rupted. >If men believe that their security Is ts^lng Hftyaded, they will not produce to their- 
maximum. (Eneny action will not necessarily decrease work output.) If an adequate warning 
.and outpost system 1$ employed, the .working force might even Increase production. It may be 
necessary to organize .roving patrols for the security of the perimeters and Interior defenses 
of the work areas. Security forces should be obtained from other than the working forces If 
possible. In the event of an eneny attack on the job site, every member of the work Inf force 
[j^wyti be assigned preplanned defensive positions. It cannot be overemphasized that any delay 
'in the actual work schedule .wi 11 r^ssult In the extension of the project completion da,te. As 
time Is an Important factor in combat, all methods' of safeguarding the job slte^nd work^force 
should be exerclsedt ^ r- 

Morale . Morale, In the military sense, can be defined as mood or spirit of an Individ-' 
ual or group with respect to performance and devotion to duty. A high state^of morale Is nec- 
essary to ob^ln maxlmui? output of work over a period of time. Contentment of ' th4 men on the 
Job does not Indicate that their morale Is high. A contented person is not necessarily a per- 
son whose morale Is high. An example of contentment would be allowing personnel to arrlve^on 
the Job late, to loaf during working hours, or to abuse equipment. Good morale stems from a 
' js^nse of purpose In one*s efforts, knowing that the work Is Important and understanding how It 
fits Into ,the mission of the pVatooh or compan>fetf*^ An indlyldual's personal |broblems might be 
affecting his morale. By solving them or talj;1ng an interest In his problems, the morale of 
this Individual may be raised. Competition with other units or against a time schedule can l?e 
useful In promoting high morale. Letting individuaVs see and understand .that all are being 
treated equally and that each is sharing the Vork]oad will have an 1mpp>*tant bearing on the 
morale of the men. Try to make your crew have a sense of accomplishment; make them proud to 
be members of your platoon. f .... 

^ . .m> " .1 

Health . Anything, that affects or damages the health of a member of your crew, -lowers 
his production output, which in turn will affect your completion schedule. The United States 
Marine is One of the world's best-fed, -clothed, and -equipped fighting men, but unless meas- 
ures are taken to protect , his health, all other privileges are useless. In the past decade^ 
medical science has contributed many vaccines to prevent the spread of infect1j()iis desease, but 
sometimes even these are not enough. Bad living conditions, messing facilities, and sanitary 
conveniences can be the direct cause of a unit being Incapacitated for duty. Personal in- 
spections of. living quarters, mess areas, and head facilities are one way tp circumvent the 
loss of your working personnel . Per$onnel Inspections to see that the troops ai^e employing 
standard practices of hygenic living should be held periodically. If at all possible, shower 
^ facilities should be built. Any and all measures must bje taken to protect yoi^r crew from any- 
m thing that will be detrimental t;o the fnen's physical heaVth or well being. For 4)ersonnel work- 
r ing in excess of 10 hours a day or performing strenuous work, extra rations should be allot- 
ted. Your job as a supervisor and a leader ii the accompl ishment of your mission on schedule, 
and unless you have the necessary personnel , this will be Impossible. 

Training . Training is of/ a continuous nature; it goes on all of the time. You train- 
in preparation for a mission, continue training through the accompl Ishment of the mission, and 
then train until a new Job is assigned. In general, training should be Consistent with the 
following guidelines: ^ * 

It must be closely integrated and coordinated with daily operations of the unit. The 
plan tind organization for training tnat is adapted must not interfere with essenrtial 
'^construction functions. 

The construction scHedule^hould not be so inflexible that it overlooks opportunities 

for training that might even expedite the construction schedule^ ' 

f * . 

Maximum advantage should be taken of the opportunity to derive trainlng.benefi ts from 
routine schedules. . '■ ' 

A study of the Job skill $ needed for a particular Job will be the starting point for. 
training. After you have made this study, an inventory^ should be made of the, skills that your 
men possess. By comparing what you have with what you need, you will have dn indication of 
the training needed to bring your unit up to the level required to complete the Job. The 
operator of engineer equipment has a great responsibility. He must be able to move his 
equipment over ruglged terrain and be able ^tp operate It ^continuously for long periods of 
time. Continuous uninterrupted operation requires great skill and a considerable knowledge of 
the equipment. The training of an operator is a continuous proces$'and does not stop when he 
receives an operator's pei^mlt. * He must not only know how to op'erate his equipmwt, but he 
muit also know how to take care ^f it and service it. He must know when to maKe minor 



^f it an 

adjustments, and Vihen to recognlre faulty performance. Since most engineer equipment Is 
specialized in nature> and ^ ' . ' ^ 



no person' Is a naturally qualified opferator^ the^men must be trained by\someone who l^as ac- 
qalrgd tm aecess^ry skill to Instrqqfand te4ch_ thera these basics. The first step in sele'tt- 
Ing personnel to be equipment operators is the Interview which should reveal the following 
factors: 

The axten^ of his schooling and practical experience^ both military arj^ civilian. 
With which Mtems of equipment is he familiar? 
What op«ator*js licenses does he hold? * 



Undesirable^Attitudes he possesses suc.h as reseqtment toward training; lack, of inter- 
est, overconridence or lack of confidence, aggressiveness or irresponsibility. He 
should be In good physical condition since pperating equipment causes severe strain 
from vibrations. Fatigue lead$ to inefficlerVt and dangerous operation of equipment. « 

Training Is a command res])onsib111ty arid*the commantler must make certain that trainirig 
requirements necessary to promote the highest degree 6f combat readiness are met. To ijisure 
engineer personnel continue to maintain the^ir proficiency along with the* improvements of engi- 
neer equipment, train(.lng programs are instituted. There hre basically four means of training 
available: formal training, correspondience -training, factory schools, and on-therjob training. 

On- the« j ob t rai n 1 nq . Thm type of training will probably be vour most common training 
responsibility*^. OUT is biisicaltf intended to either Improve the skills -of the personnel wtjile 
on the job or maintain .the skills that they presently have. When operating on a strict time 
schedule^ you would "naturally assign your most experienced operators to specific jobs. When 
time is hot an important,? actor» use the /)ppprtuhity to train your ine^cperienc^ed operators, 
OJT mlist be closely supervised to dbserve a man*s weak points awd strong points. Encour^^ge 
the operatj^rs to ask questlof^'s. When deficiencies show up, correct them immediately. It is a 
recognized fact that when something is done .wrong two or three, times, it may become a habit. ^ 
Also it is^just as Important to let a man kno)(* when he is doing right as when he is doing 
wrong. ^ ' ' * 



. Formal training . In general, this is usually conducted during normal working hours, q, 

during days "of enforced nonwork (inclement weather). Such training makes heavy use of the 
lecture and demonstration methods of instruction. It is group participation and usuallytakes 
lace dur ing regularly scheduled programs. For these 'types of classes, the instructors should 
e your most experienced men* Lesson plans and outl4nes are a mustrwith this type of training 
as they show precisely what will be ^aught and how it will be taught. Formal military 
schools, which con'sists of full-time organized classes are also, a part of the training pro- 
gram. Factory schools are Often utilized to train personnel on ^p^cific items of equTpmeniT, 
such as. Caterpillar or Terex. * 

Correspondence training . Whe«e proficiency is. to b«^ obtained with respect to the indi- 
vidual sk 1 11 s , correspondence school s such.as MCI, Ariny, and Navy schools off ec a >ft^^ vai^iety 
of subjects, and participation in these off-duty studies should be greatly encouraged* These 
courses .may be offered either on an individual or group participation basis. \ ^ . 

Working conditions. Weather, climate, terr'ain., and safety precautions iHay greatly af- 
fect work, output per man-hour. The normal Vate of work can be reduced by "insects,^ muddy or 
frozen ground conditions, and dense and tangled vegetation, Ajt hough ypu have no control aver^ 
the weather or climate, there are little convi^niences that can be obtained for the'^persohnel, ^ 
such as foul-weather ^ear wheh it is raining or warming tents w^fen the weather is^ ^cpld. ^ In 
this way the troops know that although the job inust be done you are making it comfortably 
as possible for them. If men believe that the' equipgwnt or construction methods are unsafe, 
they will not produce to their maj^imwn. Continued rains, snows/ or Intense heat will severely 
decrease the Work rate. Worrtcing conditions should be ithproved as much as possible where the 
situation permits, even though working, conditions In a combat situatipn* at best are usually 
poor. . / " ' . ' . • ^ , 
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EXERCISE: Answer the folldw+ng questions and check your answers against those listed at the 
end of this study unit_. 

1, List five of the factors of good personnel supervision. 



2. Working dn a combat zone has no effect oii^abor output, 
a* True b. False ^ 

3. Why is it important for you a^ a supervisor to help solve or to take an 
interest In an Individual's problems? 



4^ What method should be used to be sure your. troops are employing standard 
' hygienic practices? ' » , 



5, When does training end for equipment operators? 

a* When they. get their operator's permit 

b. ,When in a combat ione . , ^ • 

c. Never ^ ■ . 

d. When £he supervisor feels they are proficient 

- ...... ^ ■ » » 

6?W^h.at effect couW weather, climate, terrain, and , safety precautions ha^e on a 
pr^oject? - ^ ^ 




Work Unit 1-13. EQU'tf^ENT SUPERVISION ^ ^ 

LIST THREE TECHNIQUES OF EQUIPMENT SUI^ERVISION- y 

One of the most important jobs of any supervisor is to ke^p a constant check on t 
equipment in addition to the personnel. If maximum effort is to be obtained on the job, 
piece of equipment must be used to the best possible advantage ^nd must be k^pt in good wori 
ing condition throughout the entire operatlpn. Personnel ^jt all echelons must strive to pre-, 
•vent deterioration of engineer equipment and Insure continuous efficiency and effectiveness. 
You, as'the equipment chief, can obtain these results through inspections and well -organized 
mai-ntenance programs. ,k r 

Inspection * Thofough periodic ^nd systematic inspections of equipment ar>e essential to 
any engineer unit , This is the instrument by^o^'hich you, as an equipitent chief, can determine 
the serviceability of your equipment, the efficiency of the maintenance program, and the pro- 

Ciclency of your personnel. Frequent tours of inspection of the job site will give you the 
rfswer to most of your questions. Spot-check inspections will reveaV whether the operators 
are performing daily preventive maintenance and observing operating and safety regulations. 
Inspection stations should be set up on^ the Job site,, utilizing part of your miintenance crew, ' 
to observe^the equipment in^ operation. These teams dan obtain'valuable information on the 
maintenance and operation standards. .The station^ should be situ<ited to facilitate observa- 
tion of the equipment approacjhing^ passing* and going aw^y from the Inspection station* In 
this way the inspection team may both obseirve the equipment and listen for noises that might - 
be inaudible to the operator^ -:Th« noises meo( be an indication oiS^ somethtng in n^ed of 
repair. At the same t1rf»e def^ts that are minor now, but that will become major repair jobs 
if overlooked, maiy be corrected. Cpnslder a. comparatively Insignificant factor like track 
tension. The equipment may be working in wet sand or mud arj[{l the tracks are tight Jn^tead of 
having a little slack in themi as thls materjeil, packs betwefe*^ the chain and the bu||ing, track ^ 
tension will bujild up, (;aus1ng serious trouble. With just a few minutes of the operator's* ^ 
tirr)^, an adjustment can save you from losing a piece bf equipment from the job. 
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' Maintenance, 
on his equipment, 
be prolonged. To 



Every operator; Is required to perform certain daily maintenance services 
Only by §i»^1ct adher;ence to tt>e_se services will the lif^of the equipment 



avoid major brreakdowp of equipment, you^ as the supervisor, should sbq that 
the operator not only performs these services, but repairs any defects that -he Is authorized 
to repair. Any defects of major concern should be jpeported Immediately.' It Is essentia"! that • 
you make each operator aware of this fact and, see ^at he meets his responsibilities In this 
regard. If more than one operator. Is assigned to piece of equipment (such as tn shift work) 
you must designate who Is responsi))le for dally and weekly maintenance services. You must ar- 
range for close liaison wlthth^ maintenance section, which has the mechanics who will handle 
repairs beyond that authorized by the operator. In most cases; major defects could' be avoided 
by simple operator's adjustments or repairs. Effective maintenance decreases the requirements 
for- extensive repairs at a higher echelon, resulting in savings in time, personnel, 4nd iiwney. 

Mai nten ance schedu 1 es . AlcTng with daily, maintenance services, Jt Is essential that the 
regularly scheduled mafntenance services be performed. I'his schedule 'should be arranged so 
that all of vour equipment is not t1e<J up by ipalntenance at any one time. Staggering your 
services will do awjyr >w1th this problem), A working maintenance plan can be devised %y refers 
ring'to the equipment requirement and the equipment assignment schedules. The daily services 
can be taken care of during the four hours allotted between work shifts ds previously stated. 
If time is not an. important factor in the completion of a job-* It should be noted that not all^ 
of your equipment should be assigned to the projeqt. By keeping a certain, portion of the 
equipment on standby stati^^, in the event of fi^ipment failure or breakdow, that part of the 
'project will not be lacking for equifftnent, andran continue on schedule with the replacement 
from the stand]>y equipment* The equipment assignment and equipment requirement schedules, the 
worksheet for Preventive Maintenance and Technical Inspection of Engineer Equipment (NAVMC • 
10560), and a simple Equipment Status Chart (fig 1-8.) will sho^ you the status of your equip- 
ment on any given day of the workweek* . , 
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Fig 1-8. Sample* Equipment Status .Chart. 

The status report should be ribade up on a weekly basis, and it should show what piece of equip 
ment is deadline for ma^r repairs, scheduled for routine maintenance^ working, or on . 
^tan'dby./ Careful consideration of this report will indicate any additional equipment avail- 
able and will tend to explain any equipment shortages. An'excessive amount of equipment on 
deadline for a considerable pei\lod of time should be investigated, and corrective action 
should be taken when necessary. 
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EXERCISE: ^J^l"*^^^ c}neck your answers against those listed at the 



1. List three techniques of equipment supervision. 



2^ How can yoy as an engineer eoAlpment chlW determine th^ serviceability of vour 
equipment jind the eff1c1ency\f your maintenance program? 7 / 



3. 'Operators are allowed to perform malrftenance on their equipment only when a 

mechanic 1i present • ■ ^ . * 

a. True b. False ^ 

4. What can the engineer equipment chief use to ensure all his equipment Is not 
tied up with maintenance ^t one time? « 
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Work UnU 1-14, OOB SUPERVISION 

ilST TWO TECHNIQUE? OF JOB SUPERVISION. 

Supervision Is probably moire an art than a science. The same techniques that work well 
In one ^ItjiAjlon may. have Tittle appl1cat1on*1n a different situation. Knowing the job to be 
donejs aniroportant st^p In achieving maximum production* You should look at the^job to be 
done'and plan the sequence of ojferatloni. How much clearing will be required?. : Are there^any 
drainage problems? What equipment is available, and What is its condition? You must evaiijuate 
your men. Are they experienced enough? Wll you need additional men? How weT^J you arer*lrle 
to car'ry out these step&^is dtrect;ly related to your ability to look "at the' situation arlB plan 
the steps that will bring j(pu to y<iur objective* A common failure of the supervisor Is that 
of not delegating authority. You cannot possibly be in two places at the same time; there 
will be occasions when ydur presence is needed elsewhere when a problem occurs on the Job* If 
this problem must wait until you are' free* valuable time will be lost. It Is important that 
you assign one or more of your NCO's to make decisions in your behalf. Here, icnowledge of' 
your men Is an Important factor. Some men can handle responsibility weir, othelrs cannot. In 
most cases, the senior NCO on the job is assigned this task, but it Is necessary that who- 
ever Is assigned to this job be free to make decisions In your absence. 

Personal inspection . Inspection of the construction site Is necessary to see that the 
plans and directives are being followed. You cannpt supervise operations from behind a desk. 
When a number of operations are in progress at the same time. It is necessary that these oper- 
ations be arranged so that -the wor*k flow Is unlnterrupt^CK. You should prevent .icraper opera- 
tors from bringing thfeir equipment to the construction site before the dozers have had a ^ 
chance to clear it. When Constructing fills, a shovel should not be kept waiting for lack of 
trucks to haul the fill mater^ . During these insi^ections you should see that equipment, la- 
bor, and materials are beinflBed properly to Insure timely completion of the project. Any 
conditions that wece not anVUpatecl during the planning phase should be noted and corrections 
taken to eliminate these conditions, i'hese conditions are conmonly known as bottlenecks. 

Ir 

i;i1 ml nation of bottleneck* 



bottlenecks are a controlling factor^ 
Jeicrease in work output. They are held to]L 



Item or project which cause a 

prior planning, gotd coordination, and a quick change In plans when the sftuation warrants 



: feature of a work 
miiilmufii by good ^ 



It. Bottlenecks -are foundj)^ personal Inspection^ review, and analysis of fcrogre?s records. 
They can be eliminated by ^orod sui|)9rv1s1on and balancing of different work lYemston the job. 
Shifting equipment or personnel^ addition of equipment (su^h as a pusher doia^to assist load-- 
ing of tractor/scrapers to reduce loading time), smoothing hard roads that have bec6me cor- 
rugated, or spr1nkJ1naj*tlr tO'-sevttle dust are a few examples of procedures to eliminate bot- 
tlenecks. Every JornaTits particular 'problems, and the imagination and ingenuity of the * 
supervisor concerned will determine how a particular problem will be solved. 



1-20 



30 



EXERCISE:' 'An^wejT ^^fo^l^wln^^juestlon^ against thosg listed at the 

1. List two techniques ol" job supervlslJI. 



a. ,^ ' 

bi 



2. What Is a ,fonwon failure of the supervisor? 

, ~^ ^ • ~ — ' — " \ ' 

3. What can the supervisor do to Irtsure that equipment, labor* and materials are 
being properly utilized? m * ^ 



4. How can .boltlenecks be eliminated? 



Work Unit 1-15. INSPECTIONS 

STATE THE PURPOSE OF INSPECTIONS. 



Thorough and systematic inspections of engineer facilities and equipment are essential 
to an effective maintenance program. Paragraph 4730 of the Marine Corps Manual, and direct 
tives promulgated by the Commandant of the Marine Corps require that commanders conduct sched- 
uled inspections! of their material and personnel. The importance of performing properly con-^ 
Iducted inspections canni>t be i>veremphasized. Tijey are the instruments by which commanders at 
In? the serviceability of their equipment, the efficiency of their maiote- * 



a\l echelons determli^ ^ , ^- ^ . — 

nance program, and the proficiency of their personnel. An inspection which'ls confined t5 the 
condition of equipment and which requires cArrection of the faults found, gives a commander an 
indication of the readiness of equipment to perform the mission for which it is designed.' The 
larger the sample inspected, th^ more valid or reliable is the indication of readiness. 

Objective . ThU^ purpose of inspections fs to determine the following: 

The serviceability, proper usage^ and operational readiness of a unites equipment. 

}) 

The ^dequacy iind effectiveness of organizational maintenance operations, 

The efficiency of repair parts supply procedures, which directly ^support mainte- 
nance operations. < ^ 

The proficiency of personnel. ,n , " * , 

The necessity for future main^nahce persormel or supply requirements. 

The action to i&e required from higher headqua^rters to assist units in improving 
their maintenance procedures. 

Inspections (>f overall maintenance management and material readiness should include 
those areas stated above al<)ng wttfi ^ i*ev1ew of repair parts requests and maintenance requests 
with a followup to supporting Mintenance facilities. Each Inspection should have a purpose. 
The results of the inspection should be critiqued with the responsible personnel of the in- 
spected unit to Insure that the original inspection objective has been reache<j|. 

. V ■■ ■ ' .- • ' 

Although maintenance Inspections rely heavily on the condition of equipment, all ele- 
ments which make up the maintenance effort should be examined, critiqued, and Included in the 
inspection report. Results then are informative and^ay be utilized by Interested members of 
the command. The inspected unit Is given instructions on how to correct discrepancies which 
have been discovered, and followup action Is taken to make sure that these deficiencies are 
corrected a5f soon as passible. Determination of deficiencies during inspections Is meaning- 
less imless specific iftlon Is taken to Insure their correction. 



EXERCISE: Answer the following Questions and check yqur answers against those listed at the 
end of this study unit. . ^ 

1. State the purpose of ^Inspections. 



2. Once an Inspection Is cdpipleted/ what should be done to c^i/tennlne If 
deficiencies have been corrected? 



y 



Work Unit. l-i6. FREQUEMCY OF INSPECTIONS 

STATE HOW OFTEN AM EQUIPMENT INSPECTION SHOULD BE HELD- 



Inspection for Ins^tlon's sake may be worse than none at all. Mo^t inspections 
ling to some degree .^Isrijpt normal operations or schedules, and generally result In 



An 

are harassli^ ^ . . 

extra effort toward police^ paper malnte^nance, and eyewash that add little to equipment readi- 
ness oi^ productive malnteni^nce. Except for the broad requirements that Inspections be con- 
ducted periodically^ CMC does not prescribe the frequency for maintenance management type In- 
spections! Generally, cowmand and nralntenance Inspections will be prescribed by directives 
from field conwanders or other intermediate commanders. Commanders, In determining their own 
requirements for inspections, shoMld consider the degree to which these inspections fulfill 
existing needs for the types information t^<it these Inspectipns provide. Duplication of ef- 
fort, by conducting one inspection , on the heels of another, may then be avoided both at the 
command level and the Inspection level, the frequency of the commander's personal Inspection 
will depend largely on the size of the organization. If conditions permit, the commander s 
personal Inspection should be made often enough to demonstrate to the troops that emphasis Is 
to-be placed on preventive maintenance. The commander ^hpuld |iave plan to allow him,- oyer a 
period of time, to' Inspect all of the equipment iisslgned to the unit. Unsatisfactory phases 
of Inspections should be follovfed by relnspectlon within two to six weeks. The relnspectlon 
Is not a duplication of effort in Its effect on the Inspected unit, It can be conducted by a 
subordinate to the initial i(jspeC\ion unit, but it should be at least? one command level higher 
than the unit being reinspected. The time interval between inspections shpuld be, regulated by 
the benefits to be realized by the units and cjquipiftent being inspected and*by the need^ of the 
headqiiarters conducting the iniipectiojri. Inspections should not become a "rubber stamp' exer- 
cise- Consideration shoyld be given to the ^who**, "whajpS^ and **how*' elements even before the 
"when" element of a decision 1s wade to conduct an inspection, Within.a given organization, 
maintenance inspections should include samples of ^1 type$ $f maintenance 'equipment. Once a 
particular group of equipment has been found unsatisfactory /"the point has been made. There 
is no need to bc^at a.^ead horse. The inspector sfiould make sure that proper corrective action 
U understood, then he^can move on to another area or equipment Oiiegory* , When a relnspectlon 
is necessary because of unsatisfactory conditions* the reinspection should be lOQt by equip- 
ment categories. For'example, If crawler- tractors are Inspected within a compai^y, and three 
out of four are found unsatisfactory, when re inspecting, all crawl er-trac tors s^jpuld be in- 
spected, fiy the same token, there is rfe heed' for 100% inspection of equipment and maintenance 
facilities wWch are obviously outstanding. After the fact has been established, a further 
inspection: . ' . 

' May be more profitably spent in examining oth^r types of equipmentNir discussing prob- 
lem areas. . . 

Increases harassment. 

Decreases the Inspection productivity. 
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EXERCISER Answer the^ol lowing quest+ons and check*your answer? against those listed at the 
end of thl^ study unit. . " , , * 

. ■< 

1. State how often an equipment inspectiop should be held? 



How soon -after an inspecffon should unsatisfactory phases be relnspected? 



3^ During a relnspection, vyhat percentage of unsatisf victory equipment categories 
should be checked? ' , ' " 



Work Unit 1-17. TYPES OF INSPECTIONS 



I 



LIST THREE TYPE$ OF ENGINEER EQUIIJMENT INFECTIONS. 



There are three types of inspections: command, technical, and spot-check. All inspec- 
tions are techn^^fcallV a^command function, since they always i|re conducted under command au- 
thority. However, the princlp^al characteristic of the conmahd inspection is that the com- • 
mander personally participates. Techn1c*'l and spot-check inspections are supplement to the 
command inspections. They provide an indication of whether or not deficiencies discovered 
during command inspections have been cor^rected. ^ • ' 

Command inspections , ' - . 

Purpose . During command inspections, the commander personal ly participates ip the 
inspection of a subordinate unit or his own unit. This t^pe of inspecJ;ion provides 
the commander with a means^by which he can determi/ie the. overall effectiveness Q.f 
« his organization*^ Although the inspection need not be too technical, it can be 
- thorough enough to reveal major faults aQd any instances of neglect and careless- 
y ness. The techVilcal and spot.-ch^ck inspections, which, are performed by qualified 
^ personnel, i^oylde the commander with information on the detailed \)veral) effec-: 
tiveness of the unit.'. Commanders also utilize any technical or spqt -check inspec- 
tion which has been madp within 90 days prior to the command inspection. There are 
two types of command inspection: informal and'formal. The major difference be- 
tween them is that tht informal command inspection may be made at any time or place 
withouj^ prior notice. - ^ ' 

Policy. Gfeneral policies observed durijw a command inspection ^are: ' 
<\ ■ ^ ■ 

The commanding officer of a subordinate unit being inspected is normally re-^ 
quested to accompafiy the inspecting officer. - • ' 

Pertinent Ma^^lne Corps orders governing the standards of inspection are used. 

The inspected unit in no case selects the equipment to be inspeptjed. 

4 

The inspection team confines its inspection .to deficiencies which impair or 
would bring about impairment of equipment operation. ' „ 

Deficiencies notid during the inspection are brought to the attention'of the 
responsible personnel at that time. < * 

Upon completion of the Inspection^ the inspecti^ig officer (fiscusses the result^ 
with the commanding officer and the equipment officer of the inspected unit. / 
'The inspecting officer then indicates what corrective action is to be taken ^nd 
-furnishes needed advice and* Information. > ' . 

; " . ^ > ■" ' • ' f ■ 

Formal command . The formal command -Inspection Involves advance notice and a iet 
procedure. Tt n^ormally, appl ies to all phases' of unit activity, <inclutt1ng adm^j(tiis- 
tration, personnel, and all Q'pes of equipment. This thorough ifspe^tion of tfc|p ' 
uni.t requires considerable time and propsiratlon. It is precfeded^y the issuance of 
a training memorandum which Includes such information asfunits to be inspected, 
personnel to conduct the "Inspection, manner In which theV.inspect^on 



win be conducted (Including the specific way the eflulpment will be displayed), and 
the tiie ^nd place of prellftlnarv conferences* Although the cownander personally 
i participates^ he employs Inspecting parties to assist him with the Inspection., 
These Include-technlcal assistants and. various mwibers of his staff; the specific 
cowiposltlon of the party depends on the command level to be Inspected. Since the 
unit being Inspected 1$ given advance notice and will haye had considerable time 
for preparmbh/ the i'^SUl ts of this type of Inspec^^ do not present a true plc-^ 
ture of the' operating efficiency of the unit.* However, the ability of the unit to 
properly prepare for the Inspection and to meet the Inspection party Is one Indica- 
tion of the unit's worali, efficiency* and capabilities. 

I nformal cownAnd , The Informal command '-Inspection differs from the formal command 

Jpectlon in that It Is made at any opportune time or place, and It Is usually 
en without notice to the unit to be Inspected, This type of Inspection Is 
mally of greater value than th^ formal ' command Inspection since It reveals to 
tiii: fnsp^ctlna officer the actual operating condition of the equipment and the 
operaiing proficiency of the iJersonn^l. Improper operating procedures and 
malfunctions may be promptly detected, and appropriate corrective action may be 
Inmedlately taken. 

Technloal Inspections * 

Objecti vft . Commanding off leers having responsibility for field maintenance shall 
prescribe periodic technical Inspections of using units. Although technical In- 
spections are carried out In a manner similar to formal command Inspections, they 
differ in that the commander doe? not directly participate. These Inspections are 
made by technically qualified personnel under the direct supervision of technically 

' qualified officers, assigned by the -commanding officer, who are from a unit otj^r 
than the one being Inspected, The scope of the technical Inspection Includes a 
systematic Inspection of the unit' $ facilities, tools, equipment, and personnel, 
and of the adwjlnlstratlve^procedures established for the performance of mainten- 
ance* The technical Inspection also Includes a detailed Inspection of each type of 
engineer equipment. The primary purpose of the technical inspection Is to deter- 
mine the condition of Jfhe equipment and the adequacy and effectiveness of the maln- 
tenance and operational procedures. The technical Inspection Is a supplement to 
the command Inspection.* The Inspecting personnel, possessing both technical know- 
ledge and broad experience, can substantially aid the commander In perfecting his 

' operations. - ^ 

procedure. The commanding officer determines the frequency of technical Inspec- 
Ilons and* how much of the equipment Is to be Inspected* The organizational main-- 
tenance facilities, and at least 50» of each type of equipment In each unit Is In- 
spected annually. Since the Inspections are performed at prescribed Interval s,' 
they arm normally scheduled far enough In advance to make the necessary facilities 
and equipment available to the Inspecting team. A complete list of all major Items 
of engineer equipment,' complete with the nomenclature, make, model, and serial num- 
ber, are required to be maintained at all times by each unit, and a copy Is fur- 
nished to the Inspecting t^Am at the time of the Inspection* 

Continuous spot-check Inspections . ^ 

Objective . Commandlna off leers having responsibility for field maintenance for 
prescrUing techntcJl^nspectloni, when .necessary, prescribe spot-check Inspec- 
. tibns. The purpose Is to determine the effectiveness of organizational and field 
maintenance an^ determine whether or not corrective action required by previous 
> Inspections has been accompli shied. The manner and the scope t>f the spot-check In- 
spection are similar to that of the technical Inspection* The frequency of 
spot-check Inspections Is determined by the fletd maintenance commander. The or- 
ganizational maintenance^ facilities and at 1 east pi of each type of equipment In 
each unit are Inspected annually* The inspection may be accomplished either with 
or without prior warning to the unit being Inspected. 
• < . ■ 

Procedure * The spot-check Ihspection procedures are the same as those used^for 
^ technical Inspections* S<:heduljng, conduct of Inspection, and the reporting forms 
used are Identical* The only iMfferences between the two are that the spot-check 
Inspection may be conduct^ without prior warning, and the percentage of equipment 
Inspected Is not the same. ^ ^ 



EXERCISE: Answer Ihe following question^ and check your answers against tfwse listed at the 
end of this study ynlt,' 

1. List three types; of engineer equipment Inspections, 
a. 













2, What are the two types of command- Insp^t Ions? 
a, ' 




I- 




~ — ^ — ■ — 



, 3. Which ^yp^ of Inspection Includes a detailed Inspection of each type of ^ 

nf? 



^« ^ engineer equlpmen 

Jft : £ : . L . y 



4. What Is the major difference betweei) a tiechnica! Inspection and a spot-check 
Inspectlot)? 



SUWRY REVIEW . . . 

By studying the preceding work^untts y6u have learned tllte procedures for planning an 
engineer operatj^on and for employing personnel and engineer equipment, ^Xqu have become fami- 
liar with the pigSfper use of job ^nd equipment supervision. Further you'^know now about the 
purpose, frequency, and types of inspections used in an engineer organization. 



Answers to Study^/Unl't #VE^erc1sts ^ 

V 

Work Unit l-l. 

1. During the planning phase 

2. Determine the complexity of tlie work to be performed. 
Wor( Unit 1-2. 

' 1. a. Warm . ^ * * 

b> Light raln^ • 

2. Loweif*$ efficiency 

3. Topographic conditions 

4. a-. True ^ 



^Work Unit 1-3. 

^ 1. Local supervision 
2. ayr Local labor 



hi Etjuipment 

Materials ^ ■ ^ 

3. Buildings, roads, quarries, water sources, equipment 

4. Repaired and used If possible^ 

Work Unit 1-4. . ' 

1. At brigade and higher levels' . . 
' 2\ Unit task assignment. | 

Work ^nit 1-5. * ' 

1. b. False - ^. 

2. a. Routes ^ ' . 

b. Defensive positions • 

c. Storage areas 

^ d. Matural material resources 

3. b. False - ^ 

4. To reduce the effects of enemy interference. 

5. d. Storage areas 

Work Unit 1-6. . ^ ' 

■ ^, * . 

1. 10 hours 

2. a\ Troop labor 

b. Civilian labor 

c^ Prisoner-of-war labor 

3. a/ ios^ of work efficiency ^ ^ 

b. Pilferage , . 

c. Sabotage 

4. b. Fal^^ " . 

- Work Unit 1-7. ' i 

' 1. a. True - t 

2. a. 144 hours 
b. 2.25 days 



Work Unit 1-8. 



1. To show the amount of equipment needed for daily requirements. 

2. Should be shifted to a work Item that is laigging. 

Work Unit 1-9. 

1. ' c» locally 

2. The equipment assignment schedule allows subordinate units to plart their equipment 
^ge^more efficiently. 

/ 
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Work Unit 1-10, _ 

5 ; 

1. d. Wofk estimate sheet 

b. Equipment schedule 

2* Equipment can be shifted from other areas that are ahead of schedule to help put 

the project back on schedule* 
3; The Construction l)perat16ns schedule Is used to monitor the progress of a 

xonstructfon project. 

Work Ur^t 1-11. 

1. a. Pally 

b* Accumulative 

c, ' Fragmentary 

Work Unit l-,'l2, 

1. a. Defense and security \ ^ 
b. Morale- 
c* Health 

d. / Training 

e, ; Working cortditlons 

2. b,: Fals^ 

3. May help' raise morale. 

4. Personal inspections 

5. c; Never, 

6. Affects work output per man hour. 



Work Unit 1-13, 

\ ■ - '■ 

1. A, Inspection ^ 

p. Maintenance ^ . 

CT Maintenance schedules 

2. Thorough Inspections ^ l 
Z. b. False 

4. . A maintenance schedule 

Work Uri'lt 1-14, ' 

/ - _ ' ■ . • 

1., a. Personal inspection ^ 
b. Elimination of bottlenecks 

2. Delegation of authority 

3. Conduct pers6nal inspections 

4. By good supervision and balancing of work Items 

Work Unit 1-15. 

1. To check the serviceability^ proper useage* and operational readiness of a utjit's 
equipment, and the proficiency of its personnel* 

2. Follow-up action or r^inspection 

Work Unit 1-16* - ' ^ - 

1. Often enough to show troops that emphasis is to be placed on preventive maintenanc 

2. 2-6 weeks . / . - • 

3. lOOX . . . y 

Work Unit 1-17. 

1 • a* Command ^ 

b. Technical 

c. Spot-check • 

2. a. Formal* . ;^ 
b. Informal . , W 

3. Technical inspection ^ ^ , . ^ 
4* A spot -check Inspection may be held without a prior warnjng. 



STUDY. UNIT 2 



^ ESTIMATING -EQUIPMENT EFFICIENCY 

STUDY UWIT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU W;lL BE 
ABLE TO STATE THE USE AND THE EFFICIENCY FACTORS OF EARTHMOVING EQUIPMENT. YOU 
MILL BE ABIE TO DESCRIBE THE «PPLIC ATI OMS OF CRAWLER AND WHEELED TRACTORS, 
'SCRAPERS, ROAD GRADERS, AND CRANE-SHOVELS. . ' 

Section I. EQUIPMEUT UTILIZATION ' .| 

Work Unit 2-U CRAWLER-TRACTORS 

STATE THE PRIMARY USE OF, A CRAWLER -TRACTOR. ^ * ' 

Crawlfer-tractors ^re used where maximum power Is required at relatively slow rates of 
speed. Crawlers are especially suited for ^Idehlll excavation^ and are preferred to the 
wheeled tractor for this type of work. The crawler-tractor ha^ a bearing pressure of about 8^ 
psi and has a flotation value over the wheeled tractor, which ha^'a bearing pressure of from 
25 to 35 psi. Crawler-tractors can operate 1n muck or water as deep as the height of their 
tracks. ^Operation In deep wa'ter for short periods of time' Is possibly/ provided that %\\e 
tractor Is properly waterproofed. For long moves, crawler-tractors should be traiisported by 
traMer. They may be moved under their own power at slow rates, but t^ls decreases ^th^lr 
operational 11fe» The primary uses of the crawlerrtractor are for short haul excavations and 
as auxiliary machines for ot|ier construction equlp^nent. , 

The economical hauling distance for ywawlers ranges from 25 to aoo'^feet. Dozers are 
most effective when operated at maximum practicable speeds and'ln soils which tend to stay In 
front of the blade. The selection of the type of dozer that Is used on a job Is governed by 
the type of work to be don^. Figures 2-1 and 2-2 give the characteristic? of tractors common 
to the Marine Corps. ^ ' 





Model 


Wei ght 


Blade capacity 
cu. yd. (loose) 


> 




Terex 
82-3DM 


53.560 ' 


7.9 




I 


Case HC.1150' 
Scooploader 


26,700 


1.44 






Fig 2-1. Weight ancl blade capacities of crawler-tractors. ^ 




Model 


Speed nipWDBPP ) , 








Speed forward gea 


rs 


'Speed reverse 




1st or 2d or 
Low-low Inter 


3d or 
Hi 


4th 5th LOW ■ Inter 


High 


Case HC 1150 ^ 
Scooploader 


0-2.02 • 0-3.52 
(47,200) (31,950) 


0-4.25 
(22,130) 


0-6.82 0-2.43 0*5.10 
(16,470) X 


0-8.22 


Terex 82-30H 


0-9.9 0-3.8 
(120,000) (60,000) 


0-7.3 
(27,000) 


0-2.2 0-4.3 


0- 
8.3 



Fig 2-2. Power characteristics of crawler-tractors. 



EXERCISE: Answer the foil owl ng^lquestlons and check your answers against those listed at the 
end of thls^^ti^dy unVt. 

1. Why are crawl er=imetors able to work In muck or water more efficiently thart 
wheeled-tractors? 

^4. ■ " . " ^ ^ r ' - 

' • — • — - — yr^ — ■ — ■ ■ : ■ ■ -T 

2. What Is the, primary use of crawler-tractors? 



3, What determines the type of dozer to be used on a Job? 



Work Unit 2-2. WHEELED -TRACTORS • 

■| ■ 

DESCRIBE WHICH TYPES OF OPERATIONS ARE BEST SUITED FOR WHEELtD-TRACTORS. 

Wheeled tractors are used when hauls are long enough to develop high average haul and 
return speeds, or when crawler-tractors would be harmful to road surfaces. They are most 
effective- Off Ip^m, gravel , or paved surf acels. Bec>use of their rubber t1res» wheeled tractors' 
are not suitable for quarry work* Recent improvements in design give wheeled tractors almost 
the jsame traction capabiliiy under norinal conditions as crawler types, but full drawbar pull 
cannot be obtained in sand or mud because of tire slippage. Slippage of tires on tractors 
pulling scrapers can be largely overcome by the use of. a weight trt^nsfer device. This con^ 
Joists of a hyciraulic cylinder connecting the scraper and tractor which transmits a predeter- 
mined portion of the weight from the froi^t axles of the scraper to the rtfar axles gf the trac- 
tor. Wheeled tractors have a greater speed and horsepower In relation to weight than crawler- 
tractors. - Their highspeed mobility permits their uj^e oh widely separate^l tasks, such as prime 
movers for scrapers, where comparatively long hauMng distances are Involved* Their speed 
also increases the economical distance which may be traveled to obtain the type of fill mater- 
ials required for a particulalh Job. To get maximum drawbar pull and best performance, ^t is 
necessary to maintain correct tire pressure for the type of surface over which the tractor 
will be traveling. Consult the Manufacturer 's specifications for these pressures.. Individual 
characteristics for certain makes and models of wheeled tractors are given in figures 2-3 and 
2>4. . . ' 



Make 


Model 


Weight 
(lb.) 


Mo. of 
Wheel s 


Drive 
Wheels 


Weight I 
0i£tri button 
Fronk . Rwr 


without/ 
scraper 


I-lOO-M-71 


34,710 


4 


4 or " 2 


56% 


■ 44i 


r - — 

MRS 


I -100 with 
105-SM71 


63,560 


6 


4 or 2 


34 


33/33 




■Fig 2-3. Characteristics of wheeled tractors. 
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« 


Ma^e S, Model 






Gears 














Forward 




Reverse 




'1st 


2d ' .3d 


4th 


5.th 6th 


Low 


. High 


HR5-I-100 X 
M71 XX 


4.4 

-55,000 


6.26 8.8 
36.800 27,600 


12-4 ^ 
' W,400 ii 


17.6 25 
13,800 9,700 


4.4 


6:26 



X Denotes speed In mph 

XX ' Denotes drawbar pounds pull _ . ' 

''Fig' 2-4. Characteristics of wheeled tractors tpower). 

EXERCISE: Answer the following questions and check your answers against those listed at the 
end of this study unit. 

1. 'Describe the types of operations which ^re best suited for wheeled-tractors. 



:i. Because of their tires, which type of work is M8T suited for wheeled-tractors? 



a. Gravel 



c. Loam ' 
d^ Paved syrface? 



b. Quarries 

3* What is used to overcome slippage of tires on tractors pulling scrapers? 

■ ;■ ■ .i 
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Work Unit 2-3, SCjlAPERS . .' 

DESCRIBE WHEN SCRAPERS ARE MOST EFFICIENT. . ^ 

Scrapers are large earthmoving machines capable of digging, loading, hauling, dumping, 
and spreading material. They .make shallow cuts when loading, transport large loads, and 
spread matf^rlals In a-thfn^urv1formTi^er, Scrapers are efficient when -operated In light -and 
medium soils which are relatively freje of roots, sttjimps, and boulders, i^W^^vy or consolidated 
soils require the additional use of pusher tractors to assist In obtaining maximum loads. In 
rough terrain, cqts are opened with dozers befftre scraper operations are started; ^ Fine, dry 
sand Is dlfficuH to load because It will npt pilj? up In the bowl^ but will pile up In front 
of the apron. Wet ctay and sticky soils are difficult to remove from the scraper because they 
tend to stick to tf\e bowl. Most ,$crap^rs are built with open tops which make them suitable 
for top loading t>y clal^^shell , shovel , br chute. Power for Operation of the scraper is pro- 
vided by the towing tractor. There are thrfe types of cutting edges for the bowl: the 
stralgh't edge, which is most ^tflclent for ;$mooth finish work; the curved cutting edge, which 
provides better penetration th^^ the straight edge; and the 3-p1ece cutting edge, with the 
center piece Extending ahead of^Hiie two sliie pieces for Improved penetration. Specifications 
for the MRS- 105 SM-71 earth scraper anj Qontaineid i^ figure 2-54 



^ Make i Model . 


Oross Helgfilt (lb) 


Capacfl/ struck * * 


' tapaclty heaped * 






<fu yd) 


(cu yd) 






.r ■ ■ 




MRS -105 §M-^71 

X— . . 


28,350 


45.0 


20.0 

- V 



* Capacity given in loose cu yd 

Fig 2-6. ^Specifications for earthmoving scrapers. 

EXERCISE: Answer the following questions and check your, answers against those listed at the 
end of this study unit. ^ 

1. Describe when scrapers are most efficient. ^ 



2. Why Is fine, dry sand hard to load? 



/ 



3. Name three types of cutting edges used on scrapers, 
a. 



b. 

c . 



Work Unit 2-4, CRANE-SHOVELS 

STATE^THE BASIC PURPOSE OF CRANE -SHOVELS. . 

• . '.r.: -i;. ^ ' . ■ ' - * • 

A power crane and Its attachments ntake up a versatile and Important piece of equipment* 
Crane-shpvel 5 can be used foremost types of cofhstructlon work under varying conditions, but- 
tHeIr basic purpose Is to lift a load «nd place it In a new position. .A power crane has Jhree 
basic booms and six standard front-eYid attachments. The thr^e basic boofn types are; the back-' 
hoe, shovel, and lattice. The six standard front-end . attachments that are usejl with these 
booms are; xrrane attachments (hook)^ damjihell, dragline, backhoe, shovel fr^nt, and pile 
driver. Figures 2-6 through 2-9 show the bopms and attachments used with crane- shQvels. 



■I fi 



g Z-d. Crape with laUlce type boom 



A- 




V 

V 



Fig 2-9t Crane attachments 



During construction operations, you will be <|ea1ing^ mostly. With shovel front, ^ 
t>ackhoe, clamshell, and qV:agline. You, as the equipment chief; will, have very li^ttle to do 
with the actual operation of this equipment* Your principal duties will include *deterrtining 
the size shovel needed for a specific Job^ determining the haurly ^pro^ctioni^ate, seeing tha^; 
your operators use the proper technique^ of shovel operation* and seetng that the job proceeds 
smoothly and efficiently. The best crane-shovel will hot attain its jnaximum prpductivity 
unless it is properly supervised to coordinate the efforts o^ Us crew*^ When supervising. a 
^crew, instruct thj^rew on ^proper operating techniques. \£xaftiples of prdper* operating ^ 
techniques ^"^^"^H^ \ , % . 

' ' Spotti ng ""the trucks or hauling unit^-in a position tb keep the s||ing angles at a 
A mfnimum- / 

Changing the boom angle to suit the loading and dumping conditions, v 



Keeping the crane higher than the trucks^ when loading from-,a shelf, so*|hat the 



hoist can clear the trucks and return to a diggirjg position. 




In som operations, such as dragline work, you should plan the Job thoroughly. Usually 
a dragHne opera^tlon Is aV^ extended fisslgnment. and the job site may be a considerable dis- 
tance from the center of operations. Therefore, you must see that the crew has transportation 
to and from the Job site and that an a©ple amount of fuel and supplie^T are available (parts, 
lubricants, and tools to make adjustments and maintain the machine). Some of the things to 
check for when supervising crane-shovel operations and when determining operating efficiency 
are: . . " - . ' 

o\g9<"9 . . . ^ . - - 

Is 'the bucket or dipper full? 

Are loads obtafned by shor't, fast swings? 

Would blasting Increase loading speed and work output? 

Is the best available accessory being used? 

Is drainage complete? : ^ 

Is face height adequate? (shovelfront only) . ^ \ 7 

i ^Swinging f 
Is swing as short as possible? , ■ ' , ^ ^ 
Are swing and dump combine^! into one motion? 

Are trucks spotted to enable dumping with a slight retraction and minimum swing of 
.bucket from the face? 

Dumpi ng ~ ' • 

, If dumping into trucks, is spilljige kept to f|.;im1ninjum? * 

Is dtjmp hei^ght' as* low as possible?. * i 

Does all tlhie material leave the bucket? 

Are hauling facilities adequate? 

Is layer of dirt placed in the trucks before large boulders are loaded? 

EXERCISE^ Answer the foil owing, questions and check your answers against those listed at the *: 
end of this stucjy unit: 

1. State %\r^ basic purpose of crane-shovels. 

^ j' » ^ ■ . * 

J ^- = ^ ~- -= ■ ^ - ■ -_ • 

2. How many basic booms can be iJSed with the crane-shovel? 

V, ^ / ' . ' 

a.Y 1 ' ' ^ c. 3i 

/ bj 2 " k ^- ^4 

' ■ :t I * " 

3. t^ame the basic attachments that can be used't)n the crane-shovel. 

a. ' • % . 

— : w ,r— ■ — . . » ■" ' ■ ■ ' ^ ' '■ -7: ■ ■ ■■ 



e. 
f. 



4. The best crane-shovel WIlTnot attain its niaxi mum productivity unless it is 
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'Work Unit 2-5. GRADERS " • ' • 

DESCRIBE. THE TYPE OF OPERAnDN BEST SUITED FI]p' ROAD GRADER . • t 

Graders are multipurpose machines used for general construction /ind maintenance of ^ 
roads and airfields. The grader can be used for leveling and crowning/ mixing and spreading, 
ditching, sloping, ^nd side casting materUU, It c^n also be used for 'light stripping opera- 
tions. Graders Should not-be used for heavy 'Jixca vat ion* The Adams 6S0 grader was for several 
years the only grader used Jn the Marine Corps, but is now being replaced by the Caterpillar 
Series G grader. The major disadvantage Qf a motorized grader is that It is difficult to 
operate in heavy, wet areas. Where the material is hard and consolidate^^^ it will be neces- 
sary to use the scarifying attachment prior to grading. Figur^ 2-10 lists the physicaVcH&r- 
acteristics of the two road grad^^rs now found in the Marine Corps. 







oVoroU cUmons^IoiiB 






Meighl 






MAKK 


MODEli 

1: 


<"ab 


WU!) 




Width 


12 ft. njold- 
boui'd with 
at'.arlfler. 
12. 500 -to 

475 lb pull; 

Adnms 


Diesel 
No. 550 *. 


7'0" 


10'6" 




7*0" 


12 ft, moUi- . 
board Mth 
scarlftor* 
{DUP NOT 
AVAlUVUtK) 
Caterpillar 


Diosta 

No. 130C 


»'10" 




27*3" 





Hoad Spocd MPll 



2/4 



2. 3 



3. 



4.7 



6. 5 



7. 0 



10. a 



(Forward nnd Itevcrse) 



3,7 



5. 8 



9. 6 



1 5. 524. 5 



15. 8 24.0 



3, 5 



6,0 



Tingine Max 
BH. P. ^ full 
load rpin 



100 @ 1, 000 



135 @ 2. 2Q0 



g 
W 



Fig 2--10, ^Physical characteristics of road graders. 

EXERCISE: Answer the following questions and check your responses agaiiwst those listed at the 
end of this study unit. 

1, Describe the type of operation best suited for road graders. 



In what typ£ of area(s) are graders hard to operate? 



3. What is used to break up hard and consolidated material? 

_ : i^^ ^ 
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Section EFFICIENCY FACTORS 
^ . ^ - • % 

Production ast1ma|^on -Is verv important .In detennlnlng the nunber /of pieces of equip- 
ment required and -the best wiy to utilize equipment on the job. Estimated work output of a 
^iece ofvequipment is deternjliPfed in Xmo ways: ^ 

By using a work oLkput^ormula based 4>b the cycle of operation and q|^er factors 
, which control production. > / 



By using experiepi'f tables of avcfraae work output for different operations 
varying condltipns. / ^ 



under 



Output Of carthmoving equipment is calculated by considering several factors in addi- 
tion to equipwnt capacity, avai4«ble power, and speed. These additional factors are: volume 
changes, rolling resiitance^ grade resistance, and altitude above sea level, ^ 

.-Work Unit 2-6^ EQUIPMENT CAPACITY 



-\ 



CALCULATE, BY THE USE OF A FORMULA, THE CARRYING CAPACITY, IN CUBIC YARDS, OF 
EAR.THMOVING EQUIPMENT. 

CALCULATE. BY THE USE OF FORmULA, THE WEIGHT OF A LOAD. ^ , . ' 

I 

^n estimating equipment efficiency, the amount of m^^ter^al that a piece of equipment 
can haul or move must J>i<*known. If this Infbrmation is not known, it can. be obtained from the 
manufacturer's specifications* The carrying capacity of earthmoving equipment is measured in 
loose cubic yards. Bank yards are converted to loose yards to determine the amount of earth- 
moving equipment required to handle the material. ' . 

Load per cycle . This Is the amf^nt of loose soil, measured In cubic yards (cu yd), 
that can be transported by an item of equ1piT||nt during one round trip. 

Conditions . In earthmoving operations. It is necessary to consider volume changes in 
earth caused by handling. If you dig a hole in common earth and' then fill the same hole with 
the earth that you removed, you would have some left over. If, howeveV, you stamped and com- 
pacted the earth; it would not fill the hole. The increase in volume of earth that r^esults 
when it ts dug from Its natural state 1$ called swell . The digging process loosens the earth 
and Increases the size of tlie voids between the particles. Common earth has an average swell 
factor of- about 25X (fig 2-11). One cubic yard of common earth wilT occupy 1*25 cu yd of 
space when removed. Shrinkage is the term used to denote the decrease in volume that takes 
place when the earth Is* properly compacted. Figure 2-12 gives soil conversion factors for 
earth volume changes. Excavation and fill are calculated on the basis of loose yards, 
In-place or bank yards, and compacted yards under the following conditions: 



NAnnM commhon AfTM iM#Ms Arm ooMf action 

(W^tACi YAM) (lOOM YAlM) (COMPACTW YAMt) 



Fig 2-11. Volume change In earth caused by handling. 



Loose yards are used to express the carrying capacity of the equipment. 

t 

Bank yards are converted to loose yards to determine t*e amount of equipment re- 
quired to handle the mweriaK- . - ^ 

To. determine the amount of material needed in fill, bank yards must be converted 
to compacted yards. r * 

The output of equipment In loose yards must be t:onverted' to compacted yards 'to 
determine the final volume of fill.' ' 



i 

Soil type * 


Soil condition 
Initially 


Converted to, / 




f 




Bank 


Loo0<J 


Compi\ct<>d 






IK 

1.05 


1. U 
1.1? 


OvUS 


I^oAm , , . , i . 


BanV ...... 

LQOne . . , , , 
Cojnp«ct«(^, r , 


1.11 




.72 




U«Wc .>-.*/, 


TlO 
IJl 


* M3 


0.00 




ConjMo^ed. . : 


1,59 


4 


Lqo«« 

COI]llD«Qt«d. . . 




\\m 
Hi 


1.30 
^ .87 


Hard corftj (dend 

Com|>%rAb|« to 

4 ■ 


L<ooi« , . . , . 
ComoftOted., , , 


. ,,177 


J. 50 
1.15 


1.90 




» 







Fig 2-12. Soil conversion factors, ^ * 

Determine the cornp^c ted volume that a 15-yd MRS-105- SM-71 scraper can haul 
per cycle when fully loaded with dry clay. * 



Example: 



Solution: From figure 2-5. Ulls found that this scraper can haul 20 cu yd of loose dry 
clay. The conversion factor from loose to compacted clay Is given as 0.63 In 
figure 2-12. ^ 



Formula? 



a X b 



a « size of load 

b « conversion factor 

c « compacted volume In cubic yards 



>Thus: Compacted volume per cyclfe 20 x 0.63 » 12.60 cu yd 

i: 

111 

production and protect the equipment from overburdening. 



Weight of materials (fig 2-13). Weight as well as conditions of materials must be 
known so that the equipment assigned will be able to hanille the job. This will tend to speed 



Material 



Clixlcrv — ^^r,- 
Clay. dry^ — - 
Clay, wet — - 
Clfior and gravel 

dry 

Gravel, dry 
Gravel, wot — 
Earth loam, dry 
Earth loani, wot 

Hardpan 

(mixture of 
coinpactod grave > 
a and a|id clay). 



Weight Ib/qu yd 



1,080 - 1, 220 

1, 770 

2, 080 

3, 240 
2. 430 - 2, 840 

3. 240 
1.950 - 2.160 
2. 960 - 3. 240 

3.100 



Matorlal 

Lilmcatono 

Sandstone -^^^ — 
Sand, dry 

Sand^ wot 

Shale 

Slag, bank ---- 

Slate 

Trap rock 
Coral (hard) - 
Coral («oft) - 



WcTghTlb/cu yd 



2. 560 

2. 220 
2. 430 - 2. 840 

3. 240 
2. 480 

1. 800-- 1.040 

2. 500 
• «v2. 700 

2. 030 " 2. 440 
1. 760 " 2. 030 



Fig 2^13. Approximate weight of materials. 

Example: Determine the weight of dry clay that a 15-yd HRS-lOB SM-7; soraper can haul 
per cycle when fully loaded. 

Solution: Figure 2-13 gives ^be weight of dry clay as 1770 lb per loose cu yd. From 
the previous example, you learned that tbfs scraper will carry 20 cu yd of 
loose dry clay. . 

Formula: a x e ■ f 

a ■ size of load 

e * weight In pounds of one cubic yard 
,f * we1g>\t,of load In pounds 




Thus: Weight of the load » 1770 x 20 

4' 



35,400 lb per load 
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EXERCISE: Answer the following questions and check your responses against those listed at the 
end of this 5tu<ty witi 

i ^ ' ' ' . * 

1. Name the Increase In volume 'of earth dug from Its natural state. 



2. Calculate, using the formula jiven above /the compacted volume that a i5-yd MR$-105 
scraper can haul per cycle when fully loaded with dry loam. 



'3. Calculate, using the formula given above, the weight of the load \n question 2, 

Work Unit 2-7. CYCLE TIME 

mCULATE, BY THE USE OF A FORMULA, THE CYtLE TIME OF ENGINEER EQUIPMENT. 

Cycle time Is the time required to load, haul, dump, and return. There are two types 
of cycle time: fixed and variable. Jt should be remembered that the ipeed during hauling is 
normally different than the.return sp^d- The total cycle time equals the variable time plus 
the fixed, time, . ^ ^ « 

Fixed time . Fixed time Is the time s^ent .di^ring an equipment cycle In o-ther than haul- 
ing or returning. It Involves the time spent for *i 0241 ng, turnlnjg, acceleration, decelera- 
tion, and dumping. All of these factors are fairly constant or fixed and change little from 
project to project, regardless of the haul length. It should Bfe pplnted out that these times 
are givelP as a guide only. Typical fixed times are given in figljre'2>J4. 



Wheolod trnctor/ecraper 
combinations 


Basic filled timo conetantR for ^ 


&tn gear 4th giiar , , ^. 
hR%l haul 3d g^ar haul 


(with puBhcrs) 
t^oading / 
Dumping and turning 
Accclnratloii and 
deceleration 

Total ttxo<l time 


) . 0 mln 

0. 5 min 

1 . 6 min 


1 . 0 nt In 
0. 5 mln 
0. 8 min 


1 . 0 mln 
0. 5 min 
0. 4 mln 


3. 0 mill 


2. 3 min 


/f . 9 min 


Crilwlerdoiers (shuttle 
doxlng only); 

Total fixed time- 
ono cycle 


Ualng Him* trap^nr^la- 
sion, shifting only w/ 
forward-rovcrae lever 


W^h tranamlsBion 
inilftcd to higher gear 
when in reverae. 


0. 10 min 


0. 20 mln • 


Crawlor tractor./ scraper 
Combinations 


^elf-loading 


Puflh-loudod 


i^oadlng 

Dumping arjjl turning 
Total fixtd time 


1.0 mirf' 

5 in In 


1 . 0 mln %4ieP 

1 . 0 m^ln 

.2.0 min ^ 



Fig 2-14, Fixed-time constants* 



VaViable t1me > T|)1s is the actual time spent pn the road transporting mliterial to the 
fill site and returning with the empty vehicle* The time required to do this varfes depending 
on the distance to the fill and the speed at which the hauling unit travels. Var^iable time Is 
found by using the formula: ^ 



Variable time fmin) * haul distance in feet 



Note: 



speed in mph x 88 
1$ a conversion factor from mph to feet per minute. 



Since speed is determined by power requirements and limitations, and is. estabi 1%hed by ge>ir 
selection, it is possible to haul In one gear, and return In anpther. The variable- time for- 
mula must be applied to both the haul and return times* . . ^ ^ 



Total cycle time . As stated previously, the total cycle time Is the result of the / 

addition of fixed and variable times* An Illustration of this would bet 

^ ' ^ . ; •' . 

An MRS-1-100 with a MRS-105 SM-71 scraper hauls 7»500 ft to fill using 3d gear at 
8^8 mpii* ^It returns by a different route, .traveling In 4th gear at a speed of 12.4 
mph for a'dlstance of 8.200 ft. What Is the total cycle time per tri-p? 

Formu'la: F + Vj + ' T i ^< 

F ^ fixed time (min) - l.d (fig 2-14, 3d gear haul) " • . ' 

Vj variable time (mirf to fill area) ^ » 7>500 « 9.7 min 

8. ft X 88 

V2 * variable tim (min for return trip) 8,200 « 7.5 mjJr 

^ ' 12-4 X 88 

T « total time per cyc|e * 1.9 min + 9:7 min + 7.5 min « 19.1 min 

'V- ^ ^. \ 

EXERCISE: Answer t^^e following questions and check youV. responses a3«inst those listed at the 
end of this stu<ty unit. ^ . 

1. What is cycle time? . / ^ 



The time spent during an equipment cycle in other than hauling^or returning is 
known as - 




Calculate* using the formula given in tHe text, the total time per cycle of the 
example given below. * I ^ 

-An MRS-105 SM-71 scraper hauls 9,000 feet to fill using 3d gear at 8.8 mph. It 
^returns by a different route, traveling in 4th'^ge«r at a speed of 12.4 mph over 
a distance of 10,500 ft. Fixed time (min) ^ 1.9 min {3d gear haul). 



Work Unit 2-8 
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ROLLING RESISTANCE 
CALCl)LATE, BY THE USE OF A FORMULA, FlOLI 



Rolling resista 




RESISTANCE. 



considered for wheeled prime movers, but not 



D efinition s _ , _ 

for tracK-t/pe movers. Rolling resi*Wnf« is the resistance to movement, by wheeled equipment ' 
due to" irregularities in th6 road surface, compaction and displacement of the materials' over 
Ich the hauling units must* travel, and the flexing of ^the ^idewalls of^the tiVeS. It is 
by drawbai^pull , in pounds per short ton (DBPP) (lb/ton) of gross weight. Figure 
jives typical Tolling resistance factors. ^ - 

y 




V 




A hard, unooth itabiliMd ro*d* 
way without pvMtrfttlon un- 
d#r K>«d (ooncr^w or bUck- 
ttff). *' 


40 l3«rP/lc.n 

N 


^ ^ — I 

riiftn, Rmooth rolllnc roadway 
Dtninff atiffhlly uinhr UhmI 
(maciMlAin or crav«1>topp*(l 


• 


cUy n^dy r or mon iin 


lOO DBPP/tpi\ 


RuttMt 'dirt ro«<lway» no »ta- 

undtr \t^^ (4** (0 r tir* 
p«Mtr»tteii). 0 


150 DBPP/ton 


SofL muddy, rottfd h}«(twiiy» 
i. «n Mftd. 


«0 to 40Q DBPP/ 
ton 


^ !n IM aWivc* of |h» abovr d»U the foHowtnit farmuU 
may \>* UM<1: 

l^hh^r rn{itanc« UtiaTssiiO lb/ton + .^0 Iba/ 



Fig 2-15/^ Rolling resistance^f^ctors* 
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BEST COPY AVAILABLE 



^ A ■■ .. . .-■ ...... V. 



f Formula . * Rolling resistance equals the gross weight of the rolling unit, measured In 
tons, mul t1 plied t?y the railing resistance factor. - ^ 

Wr 

R • IT ' , ^ 

R - total rolling resistance 
jj^- total weight 

D » dhawbar pull In lb/ton (2,000) 
^ . , r » resistance factor (fig 2-15) 

\ Example . Determine the rolling resistance for an MRS-I-100 tractor/scraper traveling 
over a gravel road (little flexing)- Weight of the soil In the scraper Is 27,000 ""lb- The 
weight of the MRS-I-100 M71 Is 34,710 lb (fig 2-3), The weight of the scraper (fig 2-5) Is 
28,850 lb. Combined, the weights equal 63,560 lb. 

Weight of soil « 27,000 lb > 
Weight of tractor « 34,710 
Weight of scraper - 28,850 * , . 
' Total weight » 90,560 lb 

Rolling resistance * 65 DBPP per ton (fig 2-15) 
Total rolling resistance « 90^60 x 65 » 2,943 DDPP 

2,000 — 



Work Unit 2-9. ' GRADE RESISTANCE 

CALCULATE, BY THE USE OF A FORMULA, GRADE RESISTANCE,. 



Definition . Grade resistance Is the decrease In. or ffi^ addition of, the amount of 
drawbar pull required because of the adverse or favorable grades^of a haul road. The gener- 
ally accepted measurement of the effects of grades arer Each adverse grade consumes 20 
lb. of dra>*bar pull per short ton of gross weight. Each 1% of faWable grade (lecreases the 
drawbar pull required by 20 lb per short ton of gr^oss weight. 

Formula ; P « W^a - ' ■ . , ^ 

. . . , 

P * pounds pull required v 
^W ^ gross weight ^ ^ 

D =xShort ton (2,000 lb) . f - 

, b » lb of DBP Kl^Y • • • 

g = grade percent 

Example ♦ The total weight of a tractor and loaded^ scraper Is 90,560. Determine the 
pull required to climb a 3%. adverse slope. . ' 



h go, ^60 X 20 

^ . 2,000 f 



20 X 3 

^717- DftP J- \ 





EXERCISE: Answer the following questlOQs and check your answers against those listed at the* 

end of this study unit. • < ^ \ 



1. How Is rolling resistance measured? /^flt 

^ Feet per square yard c. Drawbar pull J v . .i;^ 

b. Foot pounds ' d. Cubic yards f ' * ' 

2. "^.'Calculate, using the formula given In the stu(<y unit, the rolling resistance for an 

MRS-I-100 tractor/scraper traveling over a paved road. Weight of the soil in the 
scraper Is 32,000 lb, . a ^ 



\ 



\ 



EXERCISE: Answer the following questions and check your answers against those listed at the 
end of this stut^y unit. - - 

M. What Is the generally accepted measurement of the effects of grades? 



2. Calculate, using the formula given In the work unit, the grade resistance vjhen the 
total weight of a tractor and loaded scraper Is 95^560 lb. Determine the pull 
reqQIred to climb a 5% adverse slope. 



— 7—: ^ <^ 

Work Unit 2-10. ALTITUDE ^ ' * . 

CALCULATE BY THE USE OF A FORMULA, THE EFFECT ALTITUDE HAS ON THE EFFICIENCY OF 
INTERNAL COMBUSTION ENfilNES. ^ . 

Effects , Elevation above sea level has adverse effects on the efficiency of Internal- 
combustion engines. This effect Is negligible for altitudes up to 3,000 feet above sea 
level, A generally accepted rule of thumb estimates the retJuctlon In available drawbar pull 
at 3% for each 1,000 ft of elevation, or fraction thereof. In excess' of 3,000 ft above sea 
level. 

Example . Dletermlne the available drawbar pull for a Terex 82-30M dozer operating at an 
altitude of 7,000 ft ft)r low and Intermediate respectively? ^^^j^^^'^^^ 



Formula: a - b = c 

^ X e = f 
d 

g - f h ■ ^ • 

h X 1 > J . . 

Where: a * working elevation /■ 

b = elevation below which altitude has a negligible effect (3,000 ft) 

c « elevation efficiency effects on engine 
d =^1,000 ft elevation (constant) 

e » 3% decrease In power (DBPP) pei' 1,000 ft of elevation 

, f « total % decrease In power 

^ g * 100% (constant) 

h ^ total i power available 

1 = total DBPP (fig 2-2) ^ 

j ^ available DBPP 

Solution: a - b * c 7,000 ft - 3,000 ft - 4,000 ft 

£ X e => 4>000 X 3* « 12% ^ . 

1,000 

''g - f - h ^ 100% - 12* ='88% 

h X 1 « j 88% X 120,000 » 105,600 DBPP ayahable In low range 

88% X 60.000 = 52,800 DBPP available In Intermediate 
range -■ ^ , 

\ ■ ■ >■ 

EXERCISE: Answer the following question and check your response against the one listed at the 
end of this study^ unit. 

1. Calculate, by the use of the formula, the.effect altitude has on the Internal-com- 
bustion engine In the problem below. 

^ * * 

Determine the available DBPP for a Cflse MC 1150 scooploader operating at an 
^Itltude of 5,000 ft for Intermediate a%h1gh. 
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Work Unit 2-11, TRACTION LIMITATION . * 

» ■« ■ * 

CALCULATE, BY THE USE OF A FORMULA, THE OSABLE POUNDS OffAWBAR PULL OF A TRACTOR, 

Definition , Traction is the frictiof\al force that reslstss^the wheels or tracks from 
slipping on a particular soil. It depends on the weight of the drive wheels and the traction- 
al coefficient pf the soil (fig 2-16). The maximum "pull a tractor can exert before spinning 
can b^f given as follows; Usable pounds pull equals the coefficient of traction times the 
weight on the drive wheels. Thus, the usable pounds pull musjt be "equal to or greater than the 
drawbar pounds pull required. f 
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F(g 2-16. Coefficients of tractiorr for tractors. — « 

» 

Example . Determine the usable pounds drawjj^r pull for an MRS-I-100 rub^r-ti^ed trac- 
tor on wet clay using 2-wheel drive. . / 

Sol utfon . Fcom figure 2-3: weight of tractor 34,710 lb 

weight distribution =i 44% on rear wheels 
V weight on drive wheels = 34,710 x .4j^= 15,272. lb 

\ - * " \ 

From figure 2-16: maximum coefficient of friction = .45 \ 

• usable lb pull = 15,272 x .45 = 6,872 DBPP 

EXERCISE: Answer the f(^llow1ng questions and check your responses against those I'isted at the 
end of thi y study unit. 

1. Define trjAction. 



2. Calculate; using the formula given in the work unit, tfie usable pounds drawbar pull 
for an MRS-I-100 rubber tired tractor on loose sand. 



Work Unit 2-12. OPERATIONAL EFFICIENCY- - 

. STATE THE OPERATIONAL EFFICIENCY OF CRAWLER TRACTORS. , ■ ' 

I STATE THE OPERATIONAL EFFICIENCY OF WHEELED TRACTORS. 

Seldom, if ever, does a unit reach maxiitium prdjjuction. . This is due to reasons such as 
a supervisor's lack of know-how, a poor state of maintenance of the equipment, and deficien- 
c.jes in the operator's skill and techniques. The equipment efficiency factor must be esti- 
mated, and it must be considered because of thr^fact tha/T a piece' of equipment cannot work a 
full 60 minutes out of every hour. This efficiency varieV depending upon the Supet'vislon, the 
ability of the operators, maintenance requirements, and iUe conditions. Thus, an efficiency 
factor is multiplied by the maximum production to ob.tain the estimated production for the pro- 
ject. This factor should .be computed from' past" experience by the unit* For the purpose of 
this course, we will use the following efficiency factors: 

^^actors during ^Ay4>ight hours ^ 
ictor for wheel^ 



Day* The efficiency factor for track-type 
at 83%"^th the tractor working 50 .ji^in/hour. The efficiency 
•during daylight hours is estimated at 76%-, working 45 min/hour 




estimated, 
tractors 



Night, During hpu^s pf darkness, even with the aid of nlOMfc lighting] equipment,, this 
factor will decrease along with the outpu|: of work per hour, FcHptrack-tyie tractors, the 
efficiency factor decreases to 75% as the work output falls to 45 min/hour. The wheeled trac- 
tor efficiency decreases even more; down to 67% with only a total of 40 mliV/hour of working 
time. ^ . 7 

i 

EXERCISE: Answer the following questions and check your responses against those listed at^the 
end. of this stud(y>un1t. / 

* ; ' ' / ' . 

1. state 'the operational efficiency factor of tracked and wheeled tractors during 
daylight hdurs. ' :^ 

a. Tracked . ' , 



b. Wheeled 



2. During hours of darkness, will the effdciency factor Increase or decrease? 



Section III. OWHLER-TRACTOR APPLICATIONS / 
Work Unit 2<13. CLEARING AND GRUBBING 

ST4TE the PURPOSE OF A LAND CLEARING OPERATION. 

STATE THE PURPOSE OF A GRUBBING OPERATION,. . 

Land clearing is a construction operation consisting of clearing an area of all trees, 
downed timber, brush, rubbish, surface boulders, and^ material imbedded in the ground. Dis- 
posing of the material cleared Is also part of the operjation. Grubbing consists of the re- 
moval of partiffuTarly stubborn roots and stumps. In most cases, the use 'of engineer equipment 
is the most rapid and efficient method of clearing. Hand or power felling equipment, explo- 
sives, and fire are used as applicable to help complete the operations. Factors determining 
the method to be used are: The acreage to be cleared, type and density of the vegetation, the 
terrain, the a^vailabillty of personnel and equipment, and the time available for completion of 
the operation. In clearing an area through a- forest, the dozer is the .most efficient type of 
equipment for Removing small trees and brush, and uprooting stumps, roots, and trees up to 10 
inches in dianWer. After the boundaries of the clearing have been established, spoil areas 
are designated In the basis of the following factors: shortest haul, downgrade slope, effec- 
tive camouflage, and general accessibility. In clearing small trees and brush, dozer^ should 
opera-te In first or jjecond gear with the blade straight and digging slightly below ground 
level. This will uproot and break off a number of small trees and brush. Dozers can work 
singly or in pairs, and the cleared material can be pus^d Into windrows or to one side of the 
area to be cleared to await disposal. Using this method, appnoximately 1,000 sq yd can' be 
cleared per hour per machine. Using one or two dozers for the small trees and brush, a second 
pair of doners c^n follow and remove large trees ar^d stumps that were previously passed up by 
the first team. If necessary, a third pair may be added to assist In removing heavy timber t 
(trees having a diameter of 10 or more Inches). Removal gf heavy timber Is slower und more 
difficult,, usually taking from 5 to 20 minutes per tree* Special precautions must.be taken^ 
when removing these trees, since falling branches -will endanger the equipment operators artd' 
rising root masses may catch and seriously damage the underside of the equipment. No two 
units should worJ( too close" together as one may accidentally push a tree onto the other opera- 
tor. After the clearing is completed, all holes leift by the removal df trees should be 
filled-in to prevent th? Accumulation, of water, the spiked of clearing depends on the, type of 
clearing to be done, outpuNjif equipment, and the methods used. Production rates of equipment 
under normal oper^tlq^condltlons are used to determine the total time required for the job. 
Knowing the area andType of clearing, an^ the production rates of the available equipment, 
the time can be, estimated and a job schedule prepared. 

EXERCISE: Answer the following questions and check your answers against those listed at the 
end of this study ^unlt. 

1. State the purpose of a lanrf clearing operation. 



2. State the purpose of a grubbing operat'lon. 



3. What safety precaution should be taken when two or more dozers are working to- 
gether^ removing larger trees? 



. . ^ ^ , r^. 

Work Unit 2-14,- STRIPPING AND BACKFILLING 

STATE THE PllftPOSE OF A STRIPPINQyOPERATlON- 

NAME THE TYPE OF EQUIPMENT BESf4'UlT|D FOR BACKFICLING- 



a. Stripping ^ Dozers are used to clear and strip wpll ahead of earthmoving operations, 
particulariiy in excavation^ areas, so that the soil will have a chance to dry out. Stripping 
Is the removal and disposal of objectional toBSoils and sods. These operations are planned to 
minimize haul distances; maximum haul distan^ is 300vft. In rough or steep terrain, haul 
distances may be longer. If so, the topsoil should be fed downgrade to open areas so that 
scrapers or other hauling. units m^y be utilized for the removal of the material. Stripping 
should b^planned so thai excavation can begin as soon as possible- 

b. Backfilling . Dozers are the best equipment for backfilling because the material is 
pushed directly ahead of the machine over banks, into ditches, or directly against a struc- 
ture. When backfilling cuTverts, dozers should not be allowed to cross the structure unless 
there is at least 12 in. of solid material on top of it. Angle dozers are excellent for this 
operation since they caivdrift material into the fill area while still maintaining their for-^ 
ward progress. When the\istance is over 300 ft, it is more efficient to haul with scrapeVs 
directly to the dozers at\the fill site. This will keep the dozers working continuously with 
little loss in production lime. When compaction of the backfill area is necessary, layers of 
6 to 12 In. thick are built up. Having thfe operators overlap their tracks will aid in compac- 
tion and less time will be required for final compaction. Care must be taken when compacting 
over culverts* and- buried structures so that damage will not occur. 

EXERCISE: Answer the following questions and check your answers against those listed at the 
end of this study unit. 

1. State the purpose of a stripping operation. 



Heine the type of equipment best stilted for backfilling. 



3. When backfilling culverts, how many inches of soil shoi^ld there be on top"^ before 
allowing dozers to cross? ^' ■ , . ' ' 



Work Unit 2-15. SIDEHItL EXCAVATION 

STATE WHICH TYPE OF OOZER IS BEST SUITED FOR SIDEHILL EXCAVATION."^. 

One of the most important uses of a dozer is sidehill excavation fpr road construc- 
tion. An angle dozer is best for this operation which includes preparation of level benches 
on which scrapers can operate. Dozers should work from the tqp down^ taking ^tdvantage of the 
favorable grades, thereby increasing production. On a particularly steep slope it may be 
necessary to start above the proposed roadway and doze dbwnhill to form a shelf or bench from 
which it can work as shown in figure 2-17. Starting from thp top, where pt)ssible, with the 
blade angled so that the leading edae is toward the banR, tne operator obtains a load. ^ The • 
side casting action of the angled blade will deposit material jon -the low side of the slope. 
After dunping the spoil, the operator backs up in the fastest safe speed possible. \f the 
project calls for a specific bank slope on the sidehill cut^ the following procedure should be 
used. Make the first pass and then npve out whatever distance is necessary to carry the 
slope. Always maintain the slope as the cut increases in depth. Wf\ere it is possible to 
start at the bottom* keep the blade raised as high as possible and hold it against the slope. 
Cast life material to the outside to build the ramp for the machine to work oh as it proaresses 
up thJ^hill. Alwvs keep the inside or bank side lower than the outside edge* eliminating 
Hangetous overhangs. Operators must watch for underground rocks when starting a narrow side- 
hill cut. If the corner of the blade hits. a buried ^k, it may turn the tractor sideways and 
throw it over the bank. Use experienced operators only on sidehill excavation work. 



Fig 2-17. SldehlU excavation with angle doze^r- 



EXERCISE: Answer the fijllowlng questions and check your answer^ against those listed at the 
end of this stiid^ moH, 

.K State the type of dozer \wh 1c h is best stilted for sidehiU excavation. 



2- Which way should the spoil be cast on sidehill excavations? 



Work Unit 2-16. FINISHrNG SIDE SLOPES -s^ _ / 

LIST TWO ^METHODS OF FINISHING SIDE SLOPES.. ' . 

Two commonly used methods for finishing side slopes with dozers are illustrated in 
figure 2 -^ . 

P^llel finishing . In finishing Side slopes by working parallel to the right-of-way, 
the dozer starts at the lop and with , each successive pass spills the soil to the lower side of 
the blade. This forms a windrow which in turn is picked up on the passes that follow. This 
material is used to fill irregularities in the terrain. Care must be , taken rrot to let the 
blad^ Conner dig since this will steepen the slope beyond job specifications- 

Diagonal finishing . In finishing side slopes by the diaaonal method, the dozer starts 
at the botCom and worKS up diaaonally to the right-of-way. A windrow is fopned and is contin- 
ually drifted to one side to fill in terrain irreqularities. This is one of the few instances 
when a dozer may be most efficient iit cutting uphill. 




ParalleV 




Diagon^il 



Fig 2-18. Finishing Side slopes with dozers. 



EXERCb^E: Answer the following questions and check your responses against those listed at the 
end of this study unit. 

1. List two niethods of finishing side slopes. 

* a. ^ 

b. . V - - 



N^n1e the t^pe of finishing used when a tractor starts at the bottom and vyorks up to 
the rlght-of-waj?^. • 



Work Unit 2-17. METHODS TO INCREASE PRODUCTION 

LIST THREE METHODS TO INCREASE PRODUCTION OF BULLDOZERS. 

■ „ . . ■ .1 ■ " ■ ■ ■s- ■ 

Blade-to-blade dazing (fia 2-19). This gives increased\output when nf^aterial is to-be 
moved dismnces ot w to feet. At distances less than 50 fefet^ the extra yardage obtained 
is offset by the extra tirne requirecj to maneuver the Second dozer into position* More than 
two dozers may be used effectively. Blade-to-blefde dozing has limitations t:aused by the ten- 
dency of the operators to stop andHalk and wait for minof repairs or adjustments to the adja- 
cent machine. - ' ' 




V. 



Fig '2-19. Blade-to-blade dozing. 



Slot dozing (fig 2-20).- .Slot dozing uses s|fillage from the first few passes to build a 
windrbw on each sicte of the doze's. path. This forms a trendh and prevents spillage on the 
passes that follow..^ Cut sections should be slotted alternately with narrow uncut sections be- 
tweert the sTots. These can be removed with Twrmal dozing. With -alfavorable grade and soli 
conditions^ the production increase may amount to as much as SOX. 




Downhill dozirtg * In downhill doz1ng| 1^ not necessary to carry each lo^d down to the 
bottom ql the'hiVK Several roads can be piled at the brink of the hill and pushed ^to the 
bottom Tn one pass. Whenever Teasibie^^dozing should be done downhill to Jtalce ^dVaiTtage of 
the fact that a fe^vorabl^ grade will .^crease the ability of the dozer to use Its full amount 
of drawbar horsepower ^ thusMncre^l4[|g production. Combinations Tof any of these three methpds 
can 6p used to increase produoti^)n. " ' - 




EXERCISE: Answer the following questions and check your responses against those listed at the 
end of t)\i$ stu4y unit. 

?1, List three methods to Increase the production of bulldozers. ^ 

'a . ^ • 



c. 



2. With favorable g/ade and soil conditions, slot dozfng can Increase produption, by 

3. - Which type of dojcing should be .used to take'lfdvantage of a dozer's full amount of 

drawbar hors^ower? 



Work Unit 2-18. PRODUCTION e:CTIMATION. FOR CRAWLER-TRACTORS 

CALCULATE, BY THE USEW A FORMULA, THE PRODUCTION ESTIMATION FOR .A TEREX CRAWLER- 
TRACTOR. V - . . » 

Trip; per iiour and payloads per hour govern the production of earthmoving equipment. 
The cyale time determines the Jmmber of trips per hour* It Is evident that the supervisor 
will want to get ^s many trips per hour as possible. To do this the cycle time must be kept 
at a minimum. Production estimation of crawler- tractors Involves factors such as the cycle 
tljne, the effic/ency' factor, and the amount of material that the machine Is capable of moving 
-T?§r trip. ♦ , , 

Formula , Production output (bank cu yd/hr) is computed using the formula 
0 « Q X F^x 50 X E 

■ ■ ' c — : 

0 = output per hour 
Q = capacity of equipmen*t , " 

F •= soil conversion, factor 

50 - min per hour (see Work Unit 2-12) . ' ^ , 

If E equipment efficiency factor ) 
C = cycle time (min) * ^ || 

Example . A terex 82*30M is dozing common e^th (loam). Assuming that the power re- 
quirements and limitations allow the machine to dig ah^ carry material forward in Intermediate 
and return at high reverse, what is the bank cubic yards production capacity of the dozer with 
a 150 ft pushing distance? For cycle time formula, please refer to WorK Unit 2-7. 

Q - 7.9 cu yd (loose) (fig 2-1) -"^^ . ■ 
E = .83 .(para 2-12) ' ^. - 

Intermediate forward ^ 3.8 mph (fig 2-2) 
^ High reverse « 8.3 mph (fig 2-2) . . ^ 

^^^T^^T>26_Ul^g. 2-|2) . 

Compute Output = Q X F X 50 X E ^ 7.9 x 1.25 x 50 x .83 ^ 409,Q 

^ 

Banked cuB^ yards per hour « 476.5 

Dozer fffjctency performance > To determine the efficiency of a dozer, it is necessarj^ 
^'to look for CertalnJwms when obs'erjiing the operation of the dozer and Its oftprator.. The 
following items might be useful as aids in helping you to estimate the performaYice of your 
operators and equipment:^ r \ - ^ 

Load^g . In the loading opel^ation, are your operators obtaining heaped loads? Is 
the backup tractor engine maintaining full rpm's, yet working fully? Are lo&d§ 
4 dozed in llotf where possible? ? * 




Trave ling . 1$ approximately 1.5 mph hauling speed being maintained? Is the backup 
speed beirrg^ade In i:he highest gear possible? 'Aice the maximum haul distances less 
than 300 feet? Where possible, are blade-to-blade Jnd downhill dozing being used? 

% ' . . 

^ Spreading , Is time.being wasted after the spread Is made? Is the fill material 
being feathered out at the er\d of the spreading da^y? Is the fill material being 
sprea^l In laiyers ftf prop^ thichness? . . - ~ 

Mechaplcal check . Are all adjustments to the power unit being Mde? Are tracks 
properly adjusted? Are the dpzer blades In good condition? 

EXERCISE: Answer the following" questions «nd check , your responses against those listed at the 
end of this stu<ty unit. ' t. 

1. List the two factors that'govern tKe production of earthmoving Equipment. / 



b. 



i. Calculate, using the problem given below and the formula given in the text, the 
production estimation for a TtREX cr^iwler-tractor. 

A terex 82-30M is dozing clay. The power requirements and limitations allow 
the machine -to dig and carry material forward in intermediate and return in 
'high reverse. What is the*bank cubic yards production capacity of the dozer 
wltl^ a 100 ft pushing distance? 




% 



List four items that ma^y be useful as aids for estimating the performance of your 
operator^ and equipment. 



"a. 
b. 

c. ^ 

d. - 



Sectipn IV. TRACTOR/SCRAPER APPLICATIONS 
Work Unit -2-19. LOADING ' , . 

LIST THREE METHODS OF LOADING USED IN TRACTOR/SCRAPER OPERATlbNS.\ 

y > •/ ' ' 

Loading should be done in minimum time without excessive stress on tractor or scraper. 
Normally, heaped loads are best. In some -^y pes of soil, the last 2 or 3 yards, of a heaped 
load require much time to load; and extra^. trips with smaller loads ar* Justified. When load- 
ing wet sticky 'material where tractior) is bad, you should obtain good results by* maintaining a 
thin %ut and keeping the apron as low as possible to minimize material build up in front of the 
bowl. When planning foV loading operations, you should consider the methods descrloed bel^. 

Making cuts . Constant effort is required to keep the cut^'leyel and frelrof holes, 
boulders'; and high spots. Cutting and gouging by operators result if uneven cuts. Hplntaln 
ing a moderate crown 'will permit the scraper to work nearer to the tide of the cut without^ 
sliding away from it* At times, raising ^ind lowering the blade will help to Increase the load 
and will enable the pusher dpzer, If used, td build up higher speeds. The yarUtion from the 
high point to the low poUit of the cut should not be more^han 4 inches. Cuts should be 
planned to provide adequate and n^tur^il drainage- ^ _ , 

.\ . ' .■/^ ^ • > ^ ■ ■ 

Downhill loadllf (fig 2-^211. Downhill loading uses^V^e forces of gravity acting on the 
tractor scraper to obWIn gr^ater^loads In less tijne. The added force of gravity is 20 lb per 
gross ton of weight 1% of^lo!l?15hill gride. Likewise this will have the same adverse effect 
Mf the hayling unit is traveling against the grade, this downhill pull will add more material 
per load, and the added material will in turn add to the gravitational force. . . 




ll!l!i!l!l!l!{!l!l!i>!>j 




N#r|i tttl In Uy«rt frM 
baeh to fr^nt. 
M4% «ortif«l|lit to trtcter 
for iMtfini • 



Fig 2-21. Downhill loading. 

Straddle loading (fig 2-22). When it is neces^sary to load on level terrain, as in 
light cuts and stripping operations/ straddle loading is used ,to increase the yardage hauled. 
Straddle loa4ing may be used to improve performance when loading- sticky material. After load 
ing Witt) number 1 scraper, number 2 scraper will make a parallel qut. approximately 1/2 blade 
width away from the first cut, leaving an island of rSaterlal betweert the two. - the tHird 
scraper wilt straddle the island to obtain its material rapidly. This method g^lnt yardage 
every third trip, because the certt^r strip loads with- less resistance than a full cut. 



2-22. Straddle loading. 

loacilpg with a pusher dozer * .A sinooth loading operation Is the*"faste&t an4 most effi- 
cient way to obtain a Inaximum load every time. Teamwork operation of pusher and scrapers Is 
essential to ellmihate' waiting time. Spacing of scrapers to enter the borrow pit Irr^a should 
be fx;m to 2.0- njinute Interval?. Thts will Jkeep the pusher in continual operation and 
wlll^oid unnecessary scraper delays. The pusher operator is the spotter and guide for the 
hauling units. ' These units must be near the dozer when it is ready to push. The :ii)ading unit 
must not depend of the pusher to do all the work* nor should the\scrdper tractor Wheels be ^ \ 
spun in an* effort to pull away from the pu;5her. To determine how many scrapers ^ push^r^can 
handle, divide the scraper cycle time by the push€|r cycle time- The average cycle tim6 for a 
pusher is 1.5 to 2.5 minutes. The operator or the scraper should enter the lo?(jilng ar^ta kt } 
the same speed as the one Jn whtch he reti/Tned from the fill area. If the approach and qut Is 
level, this is a safe practice. The pusfier operator should Indicate the loading lane^ and 
should be waiting about 45^ off of the^laae to be cut, allowing the scraper to'^ome in fast" 
and easy. After the scraper has been loaded, ft should leave the cut as fast As po^^^ible, 
with its bowl slowly rising to spread the material that has piled up .in- front of it. This 
makes a smooth cu^i at the end of the fill area. It will allow additional scrapi?rs' to maintain 
speed when coming out of the fill area. ' • * ' ' ' . , 

EXERCISE:. Answer the following q^iestions and check your answers against those listed at^ the ^ 
end of this. study unit. - ^ , , 

1. List three methods of loading used in tractor/scraper operations. 

a. ■ . . ^ [ . 



b. 
c. 



2. The forces of gravity acting on the tractor/scraper help obtain greater loads in 
. (less more); time. - , ' 

3. ' Which type of, loading may be used to improve performance when loading sticky 

material?' ^ ^ 

■ ■ ■ ■ ■ ■ ■ - / 

• ■ ^ : ■ 

4. Spacing of scrapers to enter/the borrow pit area should bl^frbm 1.5- to 2.0- minute 
Intervals. 

ii ■ 

a. True^ . ' b. False ^ ... 

Work Unit 2-20. HAULING ^ - * . ' 

STATE WHY TURNS CAUSE A LO%:OF Tlf^E IN HAULING OPERATIONS.^ ' ^ 

Travjsl time" includes haullnq tlijie* and return time. . Here the power capab111t4es ■of the 
tractor become vital. Maximum efficiency In haufiog is of the utmost importance because this 
operation consumes .more time than any other. , . 



■ Qb 1 n 1 ng ma x1 nym ef f 1 c 1 ency . Wherever possible, adverse grades are el Imlnatecjl to per- 
mit .iT»xTrmjnrtraviT~a^^ reduction (buildinjk long easy graded) are not alw^^ys 
helpful because It n^y be mor*6 effective to climb a short steep slope in a lower oear than to 
climb a long e»sy grade In a;)' Intermediate gear. Well-matntal ned haul roads eliminate vlbra^ 
tlon, shock, and wear on th^ e<)u1pment and operators. They reduce equipment maintenance and . 
increase operator efficiency. Jo withstand traffic^ haul roads require a he^avy compact*** 
cover of good material. This wfll distribute the wheft.1 loads over a wide area, Increaswq the 
bearing capacity of the haul road* The use of sprinklers to minimize du^st conditions wilt 
permit hrigher haulino speeds- Roads that are moist Will pack Into^hard, smooth/ surface?. 
Sprinkling not only increases speed, but also reduces dust, which will sift tnto equipment 
par^s and cause considerable wear and extra lube tinje. Less dust means better visibility and 
fewer accidents. Haul roads should be wide enoMgh to permit two-w^ traffic. In the event 
the road Is not wide enough fo permit this, turnouts should be provided to enable slower mov- 
ing vehicles to'be passed by faster moving equipment. . Space rigs efficiently; not too close 
and not too far apart. Hake operators hustle when the distance between the rigs becomes too 
great* likewise rtwke them.run slower when* the distance closes. When two rigs enter the fill 
area at the same time, have one ^mp .at the end of the fill and one dump at the beginning. 
This wiTl compensate for the^ spacing of the rigs. Have operators avoid lugging the engine. 
Downshift to* a lower gejir when U is apparent that speed cannot be maintained in the present 
gear. Even thotfgh the machine can^take It, It Is better to d()wnsh1ft and -accelerate* 



Plan travel cycles (fig 2-23). Because turns cause equipment to 
gear's, and travef extra distances, they cause a^loss of tljne In hauling 
two types of cycles ^common to most earthmovfng Jobs, unnecessary tuVns a 
ting. and S))read1ng two y^ays; by using two cuts adjacent to a fill, or tw 
"^cemmon cut. An operator either works a cut from the' center to a fill at 
works a cut at each en^J to fill the center* Instead of considering each 
cut and a separate *f 11 1 , a continuous cycle is established thereby ellmi 
some^J^s, particularly airfield construction, consecutive light ciits an 
which aVev fairly Evenly' spaced and nearly balanced as to volume. I^cl 
traveling through the entire series, turning only at the ends. 



■'I 
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PIAH TRAVEL CYCLES TO ELIHtNATE UHNECESSARY JUl*lS 
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a. Cut and spretd two ways 




0 LOT ^ 
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Ev«ry turn •! inln*tfd lavfi .2H nin. 



Fig 2-23. Cut and spread sequence. 



2-23 



60 



' t 

EXERCISE: Answer the following questions and check your responses against those listed at the 
end of this $tu<iy unit. ' ' 

\. To withstand truffle, haul roads should have a . . / . 



2. State why turns cause a los^ of time In hauling oper^atlons. 



3t How itwch time Is saved by each turn that Is eliminated? ^ 

a. .10 min c* .50 min . ' 

b. .25 mln - ' d. 1. 00 min / 

Work Unit 2-21. CONSTRUCTING FILLS * ' ^ \ . 

LIST TWO METHODS OF CONSTRUCt/Hg FILLS USING A^SCRAPER* * ^ - ' 

Scrapers spread the soil while unloading and rarely requir*e assistance from a dozer. 
The type of material controls the unloading and ^pr^a^lng of materials. Spreading Is 'done at • 
the highest speed possible. Unloading and rough grading a re ^wo, methods of constructing fills* ^ 

» ' ■ * ■ 

Unloading * Normally, .unloading is done.in long thin lawyers to aid in compaction. Spe- 
cial techniques are necessary when spreadinq wet». sticky materials, such as rrlsina and lovter- - 
ing the apron to lessen thejumount of r^aterlal in front of the bowl, 4nd also pulling the/ 
tailgate forward and returning it a shoVt distance. When unloading, plan scraper spreaKls/ 
Spread the first load at the start of the fill. Travel with following loa(fe*^»^(er previou4 . 
fill and make each following spread Sw|art at the end of the previous layer. FiHsh spreading 
one lane before starting a new lane so that compaction equipment can begin.' Hapha^rd unload- 
ing^of materials in the fill area delays construction time. In most cases a dozer ^111 be' 
needed to spread the materia'l. Route the scrapers so that they will assij^ij) the compaction 
of the ma1;erial. Overlapping tire tracks aid In the compaction of the artPR and reduce the 
time needed for compaction -by the rollers. Stripers should unload at high speed without 
losing momentum. Dribbling the load at low speeds slows down the travel cycle* Always 
instruct your operators to maintain the ffTl slope by filling higher on the outside edges so 
that the scraper will not have the tendency to slide over or off the edges. When the scrapers 
are empty, get them off the fill area fast. .Do not waste time. Plan the exit route from the J 
fill area to avoid soft ground, trees, and other obstacles • ^ 

Rough grading * Finishing can be done with the scraper to a certain degree, particular- 
ly where low spots requir'e material to be hauled in or where material is to be cut and used in 
the area. Grading is usually done at low speeds because high-speed spreading makes It more 
difficult to control the blade for a smooth finish. Grading is done by raising the apronito 
the full^open position and tft^ having the' tailgate about three-quarters of the way forwarcttand 
leaviiig It in that position. With these adjus^nts^ it is only necessary to control th» 
depth of the blade cut and its path. As the wW nears cpmpletton, spee<} can be increased be- 
cause the finish Is smoother and less bouncing will occur, 

EXERCISE: Answer the following questions and check your answars against those listed at the . 
end of this stu(<y unit. " ^ 

' 1. List two methods of constructing fills.- 

a. ■ - 

^ , 



2. What is done In lon^thln layers to aid in*coffl|>^*1on? * 



3. Describe how gr^iding is done wHh a scraper^ 



. <: 



Work UnU 2-2^. PRODUCTION ESTIMATION FOR TRACTOR/SCRAPERS"^ 



• CALCULATE. > BY THE USE OF A FORMULA, THE PRODUCTION ESTIMATION FOR TRACTORS/SCRAPBRS* 
- /--x . . ^ 

Estimation of ,the mo^f^t oY material that a tractor/scraper can move is based on sever- 
al factors. These, factoids' Tnclude the length of haul and rettfrn distance, the amount and type 
of material that/is hauled, grade and traction resistance, and spe^d of the hauling unit.'' 

' I — te| \ ■ "* 

FormCT 1 a . The production outpMUfor a scraper is computed using the same formula as the" 
ox^ used to compute the output for thP crawler tractor: 0 ■ Q x F x 45^ x E 



0 « output per hour 
Q » capacity of equ1pmer\t * 
F ^ soil conversion factor 
•4^ min per hQur^{see Work Unit\2-12) 
E * equipment efficiency factor ) * , 
C ^ cycle time (•min)„. .for cycle time formula pie a s^^ refer to Work Unit 2-7. 

Example . Having already covered Troll ing resistayre, grade resistance, arltitude 
effects, and traction Timltatiphs, you will only compulfe the amount of material that a scraper 
can move per hour. An MRS-I-100/105 SM-Tl tractor/scAper combination WauVs s^^ld to a. fill 
aret a distance of 1,970 fpet. Travel tlrj|l to the fiU^^rea in 2d gear. and returning from the 
fill 3irea in' 3d gear, what is the volume of m^^^lif^^th^at can &e^^d per houlr by this unit? 

q * 10.5 cu yd ^Jt 
r « 1.11 (fig 2-12) 
45 = 45 ^ 
E - .75 (Woi*' Unit 2-12) 
C « 4.7 min/ 

0 - 10.5 x^.ll X 45 X .75 . 393.4 „ 83.7 cu yd per hour 

"^XT 

EXERCLSu Answer theTollowing questions and^check your: answers against those listed at the 
^ end of this study unit. ^ " ' z^- ' 

V 

Calculate, using the formula^ the production estimation of the tractor/scraper 
given In the following problem; > • 

An MRS-l'^00/105 SM-Jl trdct^r/scraper combination hauls sand to a fill area a 
distance of 2,500 feet. Travelihg to tH% fill area in 2d gear and returning 
from the fill^rea in 3d gear, what is the volume of material that can be moved 



per hour by wTis unit during daylight hours? 

■ ' .... 

Scraper capacity % v Q 10.5 cu yd loose 

t Total cycle time ^ C « 5.52 

% Soil conversion factor^ F = 1.11 

Efficiency factor E = .75 — 

^^/Volume/hour 0 = Qxfx45xE ,« 

C : A 

Section V. ROAP GRADERS ' 

Graders are primarily intinded for shaping and finish work, and are designed accord1n§- 
ly. The small moldboard and Comparatively lightweight attachments do not lend themselves to 
the roughing phases of construction usually handled by dozers. Limited dozer work may be done 
with the grader, provided the blade is not t)verloaded. The efficiency of a grader rests sole- 
Jy on tl)e.prof iciency of the operator, since each job has a specific blade setting and speed 
for maximum^production. Because of poor cractiort^ motor grader (efficiency may fall off con- 
siderably when T)perati1ig ta.wet, muddy conditions. i. - 
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Work 0011-2-23. CUTTING DITCHES 

STATE ^HE' PURPOSE FOR^ARKING DITCHES DURI>jG CUTTING OPERATIONS. ' 

'^STATE the; correct depth each biTCHING CUT SHOULD BE ^WDE DURING CUTTING OPERATIONS. 

, In basic road construction operations, cutting ditches is done in the folj^ing basic 
sequences. ^ > 



If an* 
tie f1 

^Ime an 

losing 
thrott 
tire- 
the bl 



Better grader control Is maintained^ and stralghtery^dltches are xut,^ 
inch ^pep iTVirking cut at ^Jif^oule'r edge of the bank slope made on^ ^ 



Marking ditches^. 
InlHarjr to 4- 

rst pass. The position" of the blade Is.tff line with vthe outer edge of the lead tire' 
igle of the blade is approximately 25^ t^30®. ^. ^ 

Ditch cut$ . Each ditching cut should, be made as deep ^s possible without ^tailing or 
control- Of the grader. W Norma Uy» ditching cuts are made in 2d or 3d g^ar at full 
le.^ The blade is posJMpned so that the toe is In line with th§ center of the lead 
Each successive cut Is/brought in from tbe edge of the bank slope so that the toe o^i 
ade will be in line with the ditch bottom' on the finaf cut. ■ 



EXEjlCISE: ^Answer the following questions and check )(our answers against those listed at the 
end^lpf this study unit. 

1- State the purpose fof ma»;king ditches during cutting operations. ^ ». 



2. State tiji^ correct depth each ditching cut should|(be made durlTig cutting oj;>€rati 



W^rk Unit 2-24. WINDROWS AND SHAPING 



STATE WHICH.^GRADER OPERATION FORMS THE CROWN OF A RO^g; 



Whfen the blade .is set at an ^^ing^e, the ^pushed loads tend fo drift off of the trailing 
dge of the^jpoidboard.. The, rolling action- caus^ by the curve of th^ mft^ldboard assists this 
ide action.^ As the blade is angled mbre /Sharply, the speed of this action is increased** 



(Sharply, 

Most road shapingand maintenance^^ls done at a 25^ to 30^ angle.* This angle Is decreased 
for spread in?H)|n3nncreased for dUchjng. W - ^ , * ' ■ 

Moving v/lpdrows . When ditchir^ cuts are made, v^Jndrgws should be formed between the 
heel of the moldboard and Wie left rear tires. When, the ditch Is at the prescribed depth or 
the windrow reaches ''a height greater 'than -the road clearance of Uie grader, tbe windrow must 
be moved or leveled off. The shoulder of the ro« is formed at^is tirjie. When operation 
produces more material ^than is required for the roadbed and t)ie shoulders, excess material is 
moved into a 'windrow and, hauled off.; Windrows sf^ould 'not be piled in . front of the rear tires 
because they wtTl affect traction and accuracy. - ^ ^ ' ^ * ^ ^ — — ^ 

Level if^g windrows . This pperat'lon forms th^ crown of the road. All material Spills 
off under the blade as the materlalls leveled. The forward and sideward movement of -the . 
loose material serves to distribute 1t Effectively. If a windrow 1s^ left at the trailing edge 
of the grader blade It is picked up on th^ next pas^. On' the final pass a lighter cut is ^ 
taken and the heel of the blade Is raUed enough tiUallow the spill to go under rather than 
around the blade to avoid leaving a wljjidrow. ? ^ 

• ^ • — , * ' 

EXERCISE: Answer the followljug questions jf^d check your responses against those listed at the 
end of this study unit. ^ / 

1. When ditching cuts are made, where sh^ld windrows be formed? * . 



2. State-whlch gradej[^xreration forms the;crown of the rSacf. 




/ 
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Work Unit 2-^:25. BANK SLOPING 

STATE WHY BANK SLOPING IS NECESSARY. 

STATE THE PURPOSE OF THE CROWN OF A ROAO,^ 

B^ink sloping Is necessary to prevent erosion ^^he bank slope. The eroded material 
from the slope could fill ygyr ditching cut. 

Sloping the bank > The most skilled operators are usQd to cut and tMm the slopes of 
t^ie fill or ernbanKinent 'section. The best operators should do the final excavation, and close 
, grading on the embankment. Extreme care should be taken to see that both the cut and fill 
slopes are started at the correct locations. Slopes should be trimmed as th^ are built and 
not left until the last operation, For example, a section of fill ma^ be wider at the toe of 
the slope than specified for in the plans. By removing the excess at the beginning of the 
oper^^tlon, only a comparatively small amount is handled. If the error is not corrected, the 
fill may reflect the error all the wa^ to the top. Keep a constant check on slopes to see 
that proper ratios are being maintained. 

gleaning the ditch . After the bank has been sloped, it is necessary to clean out the 
material U)at has been cast into the ditch from the bank slope. This is dotie without any fur- 
ther cutting of the ditch itself. Usually oQly one pass is required to clean the ditch of all 
overflow material. This material is cast onto the shoulder of the roadway. 

*• ' 

Reshaping the roadway . The next step in the formation of a road after the ditching and 
bank slope are brought to grade is shaping and finishing the shoulders and' roadway. 
^. 

Mb1/i rig win drow s and shoulder finishing * The windrow tha,t is formed from the material ' 
cleaned out of the ditch is moved onto the road and at the same time the shoulder is finished 
Into i:he desired slope. The minimum width of a shoulder is 4 ft on each side of the roadway. 
The minimum shoulder slope will be 3/4 inch per foot. ) 

Spreading windrow on crown . The final operation 1s spreading orfto the roadway the 
ma^terial that Is brought from the ditch and shoulder^ and bringing up the crdwnr of the road. 
The purpose of putting a crown on the road is to remove surface water from the roadbed so 'that 
/is does not penetrate the surface. The amount of transverse slope provided by crowning de- 
/pends on the road surface. Smooth roads are crowned between 1/4- and 1/2-inch per ipoot. 
; Gravel and rough roads require a crown of 1/2- to 3/4- inch per foot. 

•EXERCISE: Answer the following questions and check your answers against those listed atthe 
end of this study unit. 

1. State why bank sloping is^ecessary. ^ 



2. Which operators should be used to slope a bank? 



3. What is the minimum width of a road shoulder? 

a. 2 ft • c. 4 ft ' 

b. 3 ft d. 6 ft 

4. State the purpose of the crown of a road. 



Work Unit 2-26. SURFACE MAINTENANCE 

LIST TWO METHOOS USED TO MAINTAIN A SURFACE WITH A ROAD GRADER. 

The surface or roads must be kept smooth at al) times so that vehicle traffic can main- 
tain speeds without undue wear and te^r. Two methods us^ed to maintain a surface with a road 
grader are scarifying amd Material distribution,. 

Scarifying . ^ Potholia$» ruts, and corrugation ^(washboarding) often occur on unpaved sur- 
faces. When graders are used to correct corrugated roads, care must b^ taken to see that the 
CQftdit.ion is corrected rather than made, worse. Deep cuts on a washboard surface will set up a 
blade chatter which emphasiztes rather than corrects the corrugation. Scarifying ^ 
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scratches and stirs up thj? soil without turning It over to prepare It for the grader blade and 
Is required if the surface Is badly corrugated. When extremely hard surfaces or consolidated 
materials are encountered. It Is reconnnended that alternate teeth be removed from the scari- 
fier attachment, starting from the Inside center tooth and working outboard. Never operate 
with less than six teeth. This will aid the passing of the teeth thr<|ugh tfie material and 
prevent damage to the scarifier or grader... Cut the surface to the bottom of the corrugation 
and reshape the road surface. . • 

Ma terial distribution . Ordinary levellna and surface maintenance are normallv done by 
working tfie material across the road from one side to the other. , To reduce loss of binder by 
traffic and wind erosion, caution must be used when disturbing the surface of dry roads* A 
satisfactory surface be maintained In dry weather by Working the material from the outside 
edges towards the center of the roads* Where binder Ms present and molsture'content Is appro- 
priate, rough or badly pitted surfaces may be planed smooth by cutting action. The surface 
material Is then spread over the smooth base. Reshape the surface by spreading the windrows 
evenly across the roadbed. Remember to always maintain the crown of a road to assist drainage. 

EXERCISE: Answer the following questions and checlc your responses against^ those listed at the 
end of this study unit. V 

1. List two methods used to maintain a surface with a road grader. 



b. 



^ „ . ^ _ 

2. Which Is the minimum number of teeth that should be used when scarifying? 

a, 4 c, 8 

b. 6 d. IQ 

3. How are ordinary leveling and surface maintenance normally -done? 



Work Unit 2-27, ESTIMATN6 WORK OUTPUT 

ESTIMATE, BY THE USE OF A FORMULA, THE WORK OUTPUT OF A GRADER, 

The time required to complete a grader operation depends on the number of passes- neces- 
sary and the speed maintained on each pass. In turn, the speed depends on the operator's 
skill and the type of material handled. * > ^ 

F ormula ,- A work'*output formula which may be used to prepare a preliminary estimate of ^ — 
the totaT time required to complete a grader operation is: total time (hours) =^PD /f, 

ofTpasses , P « number of passes. This depends on the type of operation and I 
t)ed Deforce construction begins. v . ^. /] 



Number ^, . ^ _ -^r 

must be estimated Deforce construction begins. 

Distance . D « distance, measured in miles. This Is the distance traveled in each 
pass. This Is also determined before the start of construction. 

Speed , S » speed, expressed in miles per hour. It 1$ the most difficult Item to esti- 
mate correctly* As work progresses, conditions may require that Speed be decrea^tfor 'in- 
creased. The work output is figured for each operation which will be performed at different 
rates of speed. The sum of the values obtalned'ln each part Is the total time required for 
the operation. Care nwst be tak^n to use the correct number of passes for each speed used. 

Efficiency. E - efficiency. Rarely can a road grader attain a full 60 minutes of work 
per hourT — Efficiency varies depending upon thg skill of the operator, maintenance require- 
ments, and site conditions.'- The value 60X used in the example problem is average. It must be 
verified or adjusted on each job bjTlSbservatlon and experience. 



%i ^ Example * Five miles of road are to be leveled and reshaped by a motorized grader. Six 
passes are estimated to be required to complete the job. The type of material to be worked 
permits passes 1 and 2 to be made in 2d gear (2.8 mph), passes 3 and 4 in 3d gear (3.4 mph), 
and passes 5.and^6 In 4th gear (5,6 mph). How nfUch time is required to complete the project? 
The efficiency factor is 0.60. • . 
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Substituting In the formula: Total t 



tl^e 



2x5 + 2 X 5 + 2x5 
Z.Ttt.e 3.TxU'.6 5.FTir.6 



I 



^0 +10 + 10 
OB" 04" "OF 

4.24 hours 



30 
TTtJ? 



EXERCISE; Answer the fol lowing question and check your response against the one listed at the 
end of this study unit, 

1. Estimate, by the use of the formula,^ the work d^^ut of the'grader In the probtem 
given be\ow: " ' ^ ' 

Four mile$ of.roa^'jare tq l^e leveled and r^,shaped by a grader, Ei^ht passes/ 
are estimated to required to complete the job. The type materiti-.JtSL-^ 
worked permits passes 1-4 to be made in 2d gear (2.8 mph). passes 5 and 6 in 3d 
gear (3.4 mph), and passes 7 and 8 in 4th gear (5-6 mph). How much time is 
required to comp.l^te the project? The efficiency factor is 0.70. ^ 



Total time « ^ 



hours 



4? .-.ik^ 

work Unit 2-28, TECHNIQgES FOR OBTAINING MAXIMUM EFFICIENCY 

LIST TWO FACT(iRS THAT ARE IMPoVAtiT IN THE ELIMINATION OF UNNECESSARY PASSES. 

Number of passes. Efficiency of grader work Is in direct proportion to the number of 
passes made. 51(111 of the operator, coupTfed with pTannIng, Is of the utmost Importance In the 
elimination of unnecessary passes. For example, if four passes will complete. a Job, every 
additional pass increases the time element for job completion by 25%. 

Proper working speel. Operations are always performed in the highest speed possible 
consis tent with condftlons o f the Jo6 site and skill of the operator. Operation in each gear 
range is done at full throttle. If less speed is desired, a lower gear range is used. Figure 
2-24 lists suggested speed ranges for different operations. 



OPKHAtlON 


^SPJSED (mph) 


Maintenance 










Mixing 


5-15 




Ditching 


2-3 * 


— — . "* » — ■ 


Bank Slopinii 


2 




Snow Removal 


10-15 


Finlahini? 


3-5 





Fig 2-24, Suggested n^eed range for various operati^. 



EXERCISE: Answer the following questions and check your responses against those listed at the 
end of this study unit, ' . 

1. List two factors that are important in the-el imination of unnecessary passes. 

♦ ' - ■ — — • 

b. ' 1 — . — — 



In which speed should operations be performed? 



3. Operation in each gear range Is done at ' k throttle. 



, Section VI. CRANE-SHOVELS 

Work Unit' 2-29, TYPES OF CRANE-SHOVELS ^ , ^ 

LIST THE TWO TYPES OF CRANES USED IN THE MARINE CORPS. 

The crane-shovel, with its different front^end attachments, is the most versatile piece 
of lifting and loading equip®ent available to engineer units. The basic crane-shovel gn1t 
consists of a lower tra-vel assembly and an upper revolving frame. The lower travel assembly 
c<(5s>sts of •a crawler or a truck assembly. The ufipffi^ revolving frame consists of engine, con- 
trols, cable ^rums, and counter weights. Any one of^the standard attachments may be mounted 
to the basic unit, depending on the work to be done. ^ A crane-shovel is ra\ecl by the size of 
the material-han<ll1na bucket or by the load that can be lifted at a specified dis tehee from 
the cratie* 5 .center pf rotation. The two types of cranes used in the Marine Corps are the 
crawler-mounted crane and truck-mounted cranes. 

Crawler-mounted. The crawler travel assembly consrists of the carbodiy (lower base) and 
the crawler frame/ The crawler mounting is more stable than other types of mountings. It has 
a flotation advantage over other types of carriers and has excel^fit mobility on the Job. For 
moving distances over one mile, it should be transported by trailer. {Maximum grade capability 
Is 301^ on firm, dry material. k 

Truck ^mounted. The truck mounting provides a less stable base, higher ground bearing 
pressures,^ and poor "Job mobility. The truck mounted crane does have greater mobility fori get- 
ting from one Job ^ite to another* In lifting heavy loads, the attached outriggers are used- 
to provide a more stable base from which to operate. Maximum grade capability is about 48% 
wUh firm underfoot conditions.. 

EXERCISE: Answer the f ollowing^questions and check your responses against those listed at the 
end of this studly unit. 

1, List the two types of cranes used in the Marine Corps. 

a, . . 

' b. . . ■ . . . 



1? 



2. When moving a crawler-crane oyer a distance of one mile, how should it be trans- 
ported? f 



3. What Is the maximum grade capability of a truck -mounted crane? ^ ; 

a. 25% c. 48% 

b, 38% . d. 50% 

4. The counterweights are not considered as part of the upper re\rt)lving frame. 

a. J"rue b.^ False 

1 ' & ' 

Work Unit 2-5Qs SHOVEL FRONT 

^ STATC WHY A 'SHOVEL FRONT IS THE MOST WIDELY USED TYPE OF EXCAVATING EQUIPMENT. 

Shovels *re best suited for general excavation against a high working face- They are 
^the most widely used type of excavatind equipment because they can dig harder materials,, al- 
though material such as -rock must be first broken with explosive?. Proper alinement of the 
booi^angJe aids in mairttaining a gratle. A low boom is used for descend1ng^rad6s and a high 
boom fpr ascending grades* A high boom is best for hard digging because thAradius from the^ 
center pin to the dipper is' less and this makes the counterweight more effective. The 
shoveVs direction of travel rfiould be toward th'fe working face to gain greater stability of 
the tracks. The drive spockefs op crawler-mounted cranes should be away from the working face 
(to the rear) to avoid damage by the shovel dipper or dislodged boulders. 

'Digging. A shovel (Jigs a bank Of, dirt or broken rock. Practical applications are dig- 
ging in a "clay ban|c or gravel pit* digging cuts for road construction, or any other job where 
there 'is a good bank or face against which the shovel can work. Two methods are used. First, 
there is the sidehill bench method. In this procedure, the shovel starts on the top portion 
of the hill and takes out a lift approximately at optimum depth and wide enough for efficient 
operation. At the end of this pass, the shovel takes out the parallel lift. The shovel then 
moves down the hill and takes out the next lift. The other method is the sMbsurface circular 
pit method, carried out by first ramping down 'to maximum optimum cutting depth and then 
^ . ^ 2-30 
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wrklrtg outboard In a circle. When the fijrst circular bencti Is wide enough, the nej^t Is 
started. The pit Is then extended ia Area aad depth until tlie desired amount of mat4rUl Is 
obtained. The shovel- a^lso dlg^ below grade to make shallow ditches or bernis. Caution must be 
taken here so^that the shovel does not undehnlne the ground and Cfliuse the walls 'to cave in and 
possibly overturn the machine; Other specific applications qf th^ shovel are trimming and 
dressing slopes and banks;. 

Pumping. After the dipper is filled^ the material is' dumped Into hauling units at or 
above shovel ToveU Ounplng onto spoil b^nk^ is Often done In stripping overburden. On hill- 
side or mountainside road construction material is damped by the side casting method. In sand 
or gravel pits» Material' ma^y be dumped onto a belt conveyor or a grizzly. 

Limitations . A shovel Is used under the followln'g general conditions. The excavation 
must be large enough to provide sufficient working area for'the shovel and hauling ^uipment. 
The shovel, must be able to dump or above working grade level. The natiure of the excavation 
must require ^ sufficient depth of cut to use' the shoVel at Its full capisClty. 



» Obtaining inaximum efficienc/ The shovel should be kept as lev^l as pricticAble. Only 
materUT that Is Well broken lip aiwVocks and boulders that will pass through the dipper are 
handled. At- the start of digging, the bucket should be at crawler level, 2 or 3 feet In front 
of the crawlers. Digging too far beyond the boom sheaves is never practical, because the 
shovel* s poiiftr, diminishes rapidly as the dipper stick is ex tended*, beyond an Imaginary line 
plumbed from the boom point sheaves to the ground. Best results will be obtained if the 
shovel is moved up often and keptf close to the working face. The proper digging sequence 
after, each trove Up is Xq starjt th€^ center ;of thfe face and make a cut, then makfe alternate 
cuts to each side of the centar cut, keeping the face even. The dipper should be filled hy 
strSiight forward pas$e$ againtt a working face. If one pass does not fill the dipper, the 
oi|tput can be Increased making a second pass before swinging and dumping. For example, a , 
full shovel G>cle with one pass takes 30 seconds and the dipper is six-tenths fulll A second ^ 
pass requires an additional 6 seconds and the dipper is nine-tenths full. Thus the capacity 
is Increased 50X while the time cycle is Increased 20% and' thev total output' Is IncreaseMby 
25X. Sj^lng time i-s a major pjjrt of the shovel cycle. Cutting a 30^ arc from the swing^lt 
and return increases shovel production approximately 15X. If the operators and drivers %ot 
and load on 180<> swing when the Job could be planned for a 90^ swing, nearly 1/3 of the 
possible production 1s lost. Experienced operators combine swing and dump to save time. 
Large excavators are better than small ones for diaging in deeper cuts and harder materials. 
In operations presenting dlWiculty in" getting full loads and requiring frequent moves, small 
machines frequently dig a greater output per hour. . 

EXERCISE: Answer the following questions and check your responses, against .those listed at the 
end of this study unit. 

.1. State why a shovel front is the most widely used type of excavating equipment.' 



2. What are the two methods used in shovel front operations? 



b. - 



3.- The shovel must be able to dump at or above 

4,. What typjtt oT 'materials should^ou pick up with a shovel? 



Work Unit 2-31. CLAMSHELL 

STATE W>1EN (\ CLAMSHELL IS BEST USED. 

The 
handle o) 

clamshell s.^^^ ^^^^ x,w<-i.>v rv.vj ^Av«f«i^>^>> i^viuncv* 
footings. It. is also good at working hoppers In gravel pits.* 



the clamshell digs or spot-dumps below, at, or above the level of the machine. It can 
)r place material at a^igher^or lower level than either the shovel or dragline. A 
II is best used when controlled excavation is required, such as culvert trenches or 
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^ Olgglngj the clamshell may be used to dic( stra(9ht down, as In digging foundations, 
foot IngsTpTer holes, trenches, and*basements* The^clamshelVs ability to dig vert'ically ena-" 
bles It to^be used in trenches which are sheathed and have^crisscross bracing. Clamshells are 
also used for digging roadside cfttches and"berms. In hard matgr^iaV# teeth are attached to the 
bucket jaws to facilitate digging and are remold for handling, loose mat^^ial in hopper work. . 

■ > i^-. V ^ ^• . . .-.^-^ . 

Pumping . Hoist and swing to diinip position a^e 9one ip one motion. The boom is nev^r 
liaised more tfian 60^ in order to 'prevent the *uoket froi|i Contacting the boom sheaves. The 
tagllne is used to keep the bucket from twisting -and turning and fouling the cables. Fpr ob- 
taining maximum accgracy in dumping, theclamshe^ is the perfett tool. It is used when dump- 
inq high above the ground level is required, «nd >6 especially useful for. loading from stock 
piles an<^ dumping into hoppers, plant bins* ?ind conv'^yprs. 

Limitations. The following geitferal conditions coyntrol the use oA |:he clamsheW. The . 
material being dug must.be relatively s6ft or loose. The digging sh9uld be in ^he vertical 
range, below, a,t,^or above grotihd level, pequirfng little or 130 lateral movement of, the buckej. 

EXERCISE: AnfWer the following questions and check your respo/ises against'\bose l isted, at -the' | 
end Of this study. unit. ' . ^ ^ . ' 

■• . ^ ^ ■■ \ 

1. Stat^ when a clamshell iiLU^st used. * ' ^ 



y.: Hoist and swing to dump position* are (Jone in one" motion, 
a- True b. False 
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Work Unit 2-32. DRAGLINE ^ ' - / 

STATE FOR WHICH TYPt OF OPERATION A DRAGLINE JS^GENERALLY USED. / , 

Draglines are attached to crane booms and are generally used for operations where ex- 
tended reach is an important factor; for example, in excavating irrigation ditches and drain- > 
age canals, in strip mining, and in gravel production. They are of extreme value where the 
^sKaping of steep %ank slopes cannot be accomplished byi;either a dozer or grader. ^ 

Digging * The basic machine remains on firm ground and is capable of digging below its 
own levejT backing away from ^he excavation as the material is removed. It is une\celled for 
^overcasting and is,ft^d extensively because of its large>capacity and ar^a coverage. When , 
digging, keep the boom angle at 26° to 35° and try to drop the bucket in an area' about 
15^ on either side of an imaginary line extending downward from^tfie boom .tip. Bet sure that 
the bucket is not too large^for the cr^ne. The size of the bucket is determined blPfthe weight 
of the material being handled, length pf the bobm,- and engine power. Check the dragline capa- 
city chart which/is usually with th^^erane. DO NOT use the crane lifting capacity^chart to 
determine the bucket size. Be sure that the opterator rfemoves the material in fairly horizon- - 
tal layers. When excavating a djtch, take out the sides first tKfen the center. Thiswill 
keep the ditch from^ narrowing. Avoid piling the mtterial in front of the machine so that the 
drag cabje will not be pulled through it. ' 

' Durfjpinq . The dragline disposes of material by side^casting onjto spoil banks, ^hich 

makes l£. ideal for building \evees or dikes ^ When^ading into hauling units, .it is ad\/isable 

to use your most experienced operators . The exactHHBtting and dumping is ^ difficult t^ask^ 
that requires a ski^llful operator. \ 

Limitations . Jpe dragline isi)est\uited where the material to be dug is soft and 
loose. It is used wl*(we it is nece^^iry t\ dig at or below ground level* ^Draglines do not 
dump as aiccura\ei/^s shovels or otheKl5X<cavators, so mor.e time for dumping is needed when 
tiumping into hamng units or hoppers. They ^^re. better Suited for side castinq^d stock- 
piling. It should be noted that wheh the bucket is thrown beyond the end of,^e boom some 
control is lost. BoOm angles of less than 3 5^ from the horizontal are seldom adv^isable for 
dragl Ine .work. 



Obtaining maximum' efficiency ,^ to obtain maxlkim efficiency at ^all times, there are 
several points ta remember: When ^Jigging, keep the boom angle between 26^ and -35°>" drop- 
ping the bucket in an ^rea 15° on either side of the boom point. Keep the buck^^t, teeth 
sharp and have exfra teeth on hand^for,,repTacements. Keep the math ine as levej as possible, 
.and when -working on soft ground, use ^imber, mats. for a solid footing. When swinging, the 



bucket' Is hoisted and J^wung to the dump point. These steps should be kept to a minimum. The 
return swing Sutarts immediately after dumping an(J Is earr'l^d throuqjl^to the throw, The bucket 
is lowered dgring the*' throw, ^^-^ , 

exercise;? Answer the fallowing questions and check yoMr respon5es against tifose listed at the 
* ^ end of this study untti ' 

V * * A. . . V ■ ' ^.^ ........ • • --r 

✓ - I. V state for which tj^pe of operatl^a dragline is generally gsed. ^ ^» 



( 



2. Ourlng^wbich phase of road construction can a dragline be used when a dozer or 
grader' cannot? • " » • 

» . "» 

a. Subsurface grade • c. Shaping of steep bank slopes 

b. Putting a crown on the road d» Edging 

X 

. v3.. State the procedure foi''' excavating a ditch. 



4, V^en digging»^at what angle should you keep .the boom? 



Work Unit 2-33, BACKHOE * • " 

STATE TH.E PRIMARY USE OF A BACKHOE. \ * - . 

The backhoe has some of the characterfftics of jwth the shovel and the dragline. Its 
primary use \s in digging bf^low ground level* It will dig harder material than-the clamshell 
or dragline l^ecause the wpight, of the bQom Itself is used to force the dipper into the mate- 
rial. The backhoe dipper is 'control lea,m3re accurately t^han is^the dragline bucket, therefore 
it is suited Vor close-limit wcnrk,. 

. - ' . ' ■ . ^ . 

^ Digging , The backhoe is:' used to dig , tranches, footings, and basements, *It excels in 
-this t^e of work because. it digs straight vertical sidewalls, cuts a level floor, trims cor- 
ners neatly and squarely, works from the top on dry safe ground, and reduces hand trim work to 
■a minimum] When trenching, the. backhoe Is alined with the cent^rline of the ditch to be cut. 
After the specified depth is established, the. backhoe is moved away frooi the cut to a dt-stance 
th^t wUl enable the dipper to cut and drag the material out from t>he toe of the ditch, ^ For 
bdsemfent^type excav^ons, the procedures may vary with the shape of the excavation, restric- 
tions caused by the||irrounding buildings, or a special' requirement for disposing of the 
spoiV The starttnjjs sequence should be planned so that the machine works Itself out of the 
excavation. * . ^ . ' » * 

Dumping 4 The backhoe disposes of material by either dumpirw intq haul units or onto 
>oil banks. However, its dunping range is not far as that of a yaaline because of the fixed 
j^imenslons of the boom and stick. Consequently, the dumping rangeLau^t be kept relatively 
5htrt. ^- ^ ' ^ ^ - 



Limit at ions . The backhoe is .limited In digging depth by the length of the boom anfl . 
stick, and due to the short boom, the disposal or dumping range must be kept short. 

. * 

Est^imating work output , Digging depth and clearance are i^mportant in (Production capa- 
city, but wMe variations 1r\ operating csnditions make any general table impractical.. Cutting 
width rather than . bucket capacity ,1s usually the prime consideration. The output ofiithis 
piece of equipment is difficult to estimate, and any estimation must be made by obserying the 
time cycle over a period of tline so that an estimated hourly output can be determined, ^ The> 
output of a backhoe 15^ about 2/3 that^of a shovel under the same soil conditions. 

EXERCISE: Answer the following questions and check your responses against those listed at the 
end of this study unit. 

1.* State the primary use of a baCkhoe, . " 



2, What Is^^dlsadvanUge of^ the dumping capabilities of a backhoe? 

a. Fixed dimensions of the boom and stick and short dumping range 

b. Doesn't revdVve far enough 

c. Cannot'^llft^h^ load high enough to deposi:t It Into trucks 
SUMMARY REVIEW 

In the preceding work units, you learned the primary b0s and efficiency factors of 
earthmovlhg equipment. .You iilso learned methods that can be used to Increajse the production 
output of bulldozers. You learned methods .of loading used In tractor/scraper operations. You 
also learned the'U$es and techniaues for obtaining maximum efficiency of road graders. The 
^asic fundamentals of wheeled and crawler cranes were describe>^'or you, along with the 
different attachments that can be used with them* ^ \ 
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Answers to study Unit ExercUeS 



WorkvUnit 2-1. ^ I . 

.V ' . i - • I ^ . ■ * , 

1, Because of lower bearing pressure - 1 
. '2. Short haiJl excavations , ' . 

3. The type of work to be done ^ - . 

Work Unit 2-2V ^ ^ ! 

1. When hauls are long enough to ^velop high average haul and return speed or when 
crawler- tractors wcjuld be harmful to road surfaces. - - 

2. b. Quajries 

^3. A weight transfer device ^ . 

- 7 ' . ^ 

Work Unit 2-3. ; ' ^ ' 



1. When ^operating In light and medium soils relatively free of ropts, stumps, and 
boulders \ «k 

2. Because It has a tendency to pile up in front of the apron,i^nd will not pile up 
In the bowl. ^ . ^ 

3. Straight, curved, and three piece ' 

Work Unit 2-4. / ' 

y 

1. The basic purpose Is to l*1ft i load and place It In a new position. , 
2* c. 3^ . 

3v HoQic, clamshell, dragline, backhoe, shovel front, pile driver ^ 
i^lj^^perly supervised. 

Work Unn 2-5. ' 



1. General construction and maintenance. of roads and airfields 

2. Heavy, wet areas 

3. Scarifier 



1^ 



Work Unit 2-6. 



1. Swell \ > 

2. 20 X .72 » 14.4 cu.yd per load 

3. 2160'x 20 » 43,200-*Tfc per load 

Work unit 2-7. 

^ 1. The time require to load, haul, dump and return. 
2. fixed time. 

3a Variable time (min,.to fill area) = ^9^000^^ ^ lli^imin 

Variable time (min for return trip) « 10,fi&0^ « 9.^?Wn' 
■ ^ . • 12.4 X 88 ^ 

To*tal time per c^cle = 1.9 + 11.6 + 9.6 * 23.1 min 

Workllnit 2-8.-** 

1. c. Drawbar pull ' 

2. The formula R = Wr )t R « 1^911 DBPP. 

* * IT • - ' 



2-35 



72 



'/ 



Work Unn 2-9^ . >v ' • - • 

1. Each 1% of adverse; grade consumes 20,;,lb of ^|hp*bar pull per short tone of gross 
weight. EachU of favorable grad©- decreases the drawbar pull required by 20 lb 
per short ton of gross weight, 

2. -The formula P a Wbi • , P ^ 4.778 ^BP , , - 

Work Unit 2-10. - -^r ' 

A 1. 30,033 DBPP avail ^ible In intermediate range. 

20,802 OBPP available In hi range. ^ 

Work Unit 2-11./ ^ ' ' 

1. Traction Is the frictlonal force that resists the wheels or tn^syoff 
on^ a particular soil. ^ ' ' M 

2. Useable. U pull « 4,582 DBPP ftv ^ - - W - ^ 




4 



Work' Unit 2-12<v. 

w , : 

1. a. 83t with the tractor working 50 ml n>hr' , , 

b. ^75X w<)rk*1ng 45 min/hr ' , 

2. _pecrease * ^ ' ■ ^ 

* '■ ' ■ 

Work limt 2-13.^ , ' . " / > 

1. Clewing an area of all trees, downed , timber, rubbish, and material embedded In 
ground, a - ' 

2. 6rubDlr\g consists of the uprooting and removal, of roots and stumps. 

3. Dor/t work too close together, as falling branches will endanger the equipment 
' operators. ^ ^ 



^ .: 



Work Unit 2-;^4. 



1. The removal and disposal of objectlonal topsolls and sods. 

2. Dozers 

3. 12 Inches 

Work' Unit 2-15. 

1. Angle dozfr ^ 

2. Downhill ' 

Work Unit 2-16. ' 



1» a. parallel 
b. diagonal 
2. Diagonal 

Work Unlt'e-^l?. 

.1. "a.^^Blailt^to-blade 




ha)ownh 



3. IJcfahHJ^^,; 
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Work Unit 2-18. , 

1. a. Trips per hour > 
b. Pay Idads per hour 

2. • 732.54 .^^^ • 

3. a. Loading 

b. Travel ing ? 

c. Spreading * . 

d. Mechanical check 

Work Unit 2-19. 

1. a. OoWVihlll 

b. Straddle 

c. Loading with pusher dorer 

2. les^ ^ 
• 3. Straddle loading " '/^ 

4. , a. . True . , 

Work Unit 2-ZO. 

1. heavy compacted co)|er of good material, 

2. Because turns cause equipment to ^low fiown, • shift gears, and travel extra 
distances^ ^ * 

3. b. 



Work Unit * ^ , _ ^ 

1. a. Unloading 

b. Rough grading - 5 

2. Unloading 

3» Grading Is done by raising the apron to fwll open and by having the tallgated 
about three-fourths of the way forward and leaving 1t>Jn that position. 



Work Unit 

1: 71.26 ' 
Work Unit 2-23.*' 



1, Grader control , stralghter 'ditches ^ 

2, As deep as possible without stalling or losing control of the grader 



Hiork Unit 2-24. 



1. Between the heel of the moldboard anfl the left rear tires 

2. ^ Leveling wirfdrows 

Work, Unit 2-25! ' 

1. To prevent Immediate or excessive erosion 

2. The most experienced operators 
' 3. c. 4 f t . 

4. To remove surface water from' the source of the road 
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Worlc UnU 2-26. / 

K li. Scarifying 

1). Material distrlbuyon 



.2, i>. 6 . . 

^ 3^ By working the. material across..the roiid from one side to the other' 



Work unit 2-27. 

1, Total time < 4,24 i\T%. 

Work UnU 2- 

1. a. SkifHif the operator 

- b. Planning 

?. HighesC^peed possible 

^ 3. full throttle.. 



Work Unit 2-29, 



1. <t. Crawl er^mbuh^i^d;.;' . .;' 

\). trvqk*ntfiti.n^ted;>;..". '.v - if. --' -■ ' 

2. .By trai|^r,;vV;Vv;.;;- 

3. c. • 481 -r-.-W.V' '.. ■ ' ■■- ■ .-^ '. •■ 
4.. - b,- ; Fali^^jC;^^';^^: ^ Tc:y ;■■? /.■ * 

^2/ ':a.V^:Si4^tn:^:^^^ ;^;;:;-^v-:^:.::^ V>"--'-' " ' ' - 

;■ ^3; : ^o>1rtn9''^rt^e 1'^ . 

4. ' rtfltfer1iV"W0/i^^s^^^ that will pass through the 

^ ■ '.-y^idipperv^\';:%.>^^^ " - ^ ^ 

1, VHlfe^'^orttrplled.Vxtayat is required.s 

• • ^^ ' ■ - . . ' ■ ■ 

1. /.Where ei1»rtcfed ^^^^^ 1$ an important factor, such as excavating ditches, caf^als 
/ *and strip mining: ^ * 

2\ c. Shaiplhg of Steep bank slopes ^ 
}/ ftfitnav^ sides fir^t, then the center. ' -^^ • 

/ 4. 260 to 360 

Work Unit 2-^33. • - . ' . 

I. To iJIg below gK;ound leve^l 
' 2. a. fixed dlmerrfions of the boom and stick and short dumping range 



\ 
\ 



STUDY UNIT 3 

THE CONStRUCTlON SITE ^ 

STUDY UNIT OBJtCTIVE: UPON ^SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU WILL BE 
ABLE TO LI-ST TH^TYPE OF SUWEYS AND DRAINAGE SYSTEMS USED AT A CONSTRUCTION SITE, 
' YOU WILL BE ABLE TO STATE THE >R I MARY USE OF CONSTRUCTION STAKE^S AND THE PROCEDURES 
- • FOR SOIL IDENTIFICATION. YOU WU.L BE ABLE TO 0R6Aft{7rA/\ CONSTRUCTION pOJECT, 

When roads or airfield^ are needed in a^theater of operations^ they should be ready for 
use as soon 4s possible; .The need is usually critical, and the accomplishment of a mission 
often depends on the use of these facilities. It should be emphasized that in the effort to 
obtain such facilities In a mlplmiim .amount of time/ gbod "Engineering is the best timesaver. 
This does not mean that exhaustive field investigations pr elaborate plans are necessary- 
Adequate investigation of the site and careful study of tHfe desiqn details are essential for 
greatest econon\y in construction time iinid' effort, y In the preliminary recall ssance, it is 
possible that a few hwrs in soil Investigation will save days in construCmon. In order to ^ 
meet the design, standarAsvOf jtrength'ahd stability and to minimize the need for removal. Qf 
undersirable mijiterlals. all roads and .airfields should be located on terrain possessing the 
best possible natural soil conditions. Unless the soil is self draining; long stretches of 
flat ground should be avoided l?ecause*of the difficulty of providing adequate drainage. Be- 
cause the need fpr consti^uQting drainage structures should be minimlKd, subsurf^w^ter 
should be avoided whene^^r pq^ssible. Though it is possible to construct French drains and 
other structures th^t will remove some moisture, the maintenance of these,^utes becomes ex- / 
tensive and presey]t$ continuous problems. Before locating any/oute^he ^teral g^loSV of 
the area should b« analyzed. The exlstence of rock of $4^bleAitrtntiM 

project will c^uM a Urge retnoval problem, slowiag constniiAlon and increds1wHjhstruct1«B 
effort. Engineer troops are seldom equjpped or Mve th^ sk.rfltfor rockwork^^o^Hrions.' 
Earthmoving operations are the largest sint|le work item oh '^arty project involving the construc- 
tion of. routes of Communications. Any step taken to reduce large' volumes of eeufthwork will * ^ 
result in a large decrease of required work. This will inccfiase job efficiency. If possible, 
all necessary earthwork should be balanced. When there is f need foi^^both cutting and filling 
at; various points along the projett. the Tnaterial excavated should be used fo ^construct the 
required embankmehts^ thus reducing the need for earth-handling, fialancing' cannot be done 
where the excavated ^ater^ials are not acceptable for diteJ' *5\fter information aboi^t me s|te is 
collected and tl>e type of construction is determinedAsuch detafis as establishing gra^ 
lines* location of^woH areas for different jequipmentAthe sequence of operations, proiWures 
for compaction, and tr^e thickness of the baseirJursei^ ajW surface "course mus^be considered in . 
order to select the beft possible solution, ^ , 

Work Unit 3-K SOIL C^tASSlFICATION TESTS ' ^ ■ 

. ■ m * \ 

,LIST THE THRh TESTS^USEO FOR SOIL CLASSIFICATION. ' 

- ' " '\ " .\ . ^, 

Some knowleidge of\ the physical properties of soil Is essential In solving many^roblems 
(Jf design and con^rUtti6n -associated with roads and airfields. Soil Is composed prilwpaliy 
of rocks that have been broken down through time. • It also contains air and water, as well as ^ 
organic matter from deqombosed plants and animals. The engineering characteristics^f soil 
vary greatly, depending ol\ such .physical propjsrties as particle shape, size, (density, and ^con- 
sistency. It is therefore\desifabl^ to 'def inft^'^hese pfopert^es as a basis for* the classifi- 
cation of the many types of soils. Such a classiflc'^iHon system permits the ready identifi- 
cat^ion of similar soils. The properties which identJify and classify so11$ are known as index' 
properties. The tests which determine these properties are known ai|. classification tests. 
JMs sysiem is^based upqp the airfield Classtf ication System dev^lopefl dur^ing World War II by 
TWressor A. Casagrande of Harvard University. The sy^t^ w5is mSdificd^fightly affd became 
the Department of the Army Ur^lform Soil Classification System. In turn. thK^j^tem was mod- 
ified and adopted by th^ Corps^of Engineers and the Bureau of Reclamation in January. 1952 un- 
der- the nafne of Unified Soil Glassif icatlon System. . 



Classification test s .^1>(^ IS are m^de up of^ g^A^ns which range in diameter from fairly 
large pieces of detached rock t^ very small particles? Soils may be divided' into several 
different groups on the basis of the size of the^particles included in eacl^group. It should 
be noted here that the terms particle and grain^ are-used Interchangeably and\Rre -taken to have 
the same meaning. The ^cale used In the Unified Soil CLassif icatidn sy^teiji is'^riaif ated in^ 
fiqure 3-1. Coarse grave] parfclcJes.^re comparable in size to a lemon,. an egg » or a walnut, 
while fine gravel is pea size. Sand par*:ttcles. range in size from that of rock salt/ through " 
table salt or granulated sug^ir. to powdered su^Wrl Below a 'No. 200 sieve, the particles ^ 
(fines) are silt or clay, depending oh>their plasti<:ity characteristics. Sevefal methods may"" 
be employed to determine size of S()ir .particles and^heir' distribution in d soil mass.' In- ^ 
eluded in these-are the sieve analysis, the wet njechanical analysis, and the combined mec- 
hanical analysis. 



^ 




UNlFIfeD SOU, 
GUASSIFICATION SYST^EM 


U.S. stMidard Bievo sUe 


Pausing 
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Cobblo« ^^i'^^^^^ 

Ornvol i: 

Organic niatorI>l 
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No. 200 ' 

No bouTidi 


No. 4 

No. 200. 



Fig 3-1. Soil groups based on grain size. 



Sieve analysis (fig 3-2) • Separation of the soil Into Its fractions may be done by 
shaking the loose dry material through a nest of sieves of increasing 'fineness as shown In 
figure 3-2. Sieves which are coimionly used by the military engineer have square openings ^nd 
are designated as 3/4-, and 1/4-Inch sieves and U, "Standard Nos, 4, 10, 40, 60, 100, 
and 200 sieves. The size of the sieve is based on the number of openings per Uneal Inch of 
screen. A No. 4 sieve has 4 openings per lineal Inch or 16 openings per square inch, and so 
ofwi0 The size of the grain of the material being tested Is determined by, whether It Is re- 
tained on one screen or passed on to another. 




f * 



Fig 3-2. Sieve analysis. ^ ^ 

Wet mechanical anal yfl^ . .The lower limit for -the use of sieves Is the Nq. 200 sieve, 
this sieve has a total of 40, bOO openings' per square 'Irich, It U sometimes desirable to 
determine particle sizes below the No. 200 sieve. This m^^y be determined by a process known 
as the wet mechanical analysis, which employs the principle of jfeedlmentatlon. This means that 
grains of different sizes fall through a liquid at different velocities. This analysis is not 
a normal field 'test. U Is not particularly important In military construction excepfc that 
the percentage of plrrticles finer than 0*02 wit.has a direct bearing on the effect of frost 
action on a soil : ' 

Confined* mechanical analysis . The procedures which have been described above are fre- 
quently combincKi b give a more complete pic-ture of grain size , distribution. The procedure Is 
known as combined ifiecfifcnltal analysis. 
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EXEHCISE: AnSw^r* tM fol lowing questions and check your ain|;wers against those listed at the 
end of this study unit. 

' K List thU^ three tests u-sed for soil classification. 



a. 

b. _ 



2. What are index properties? 



Work Unit 3-2. SOIL PROPERTIES 

LIST THE SIX PROPERTJES OF SOIL. v 

The effects of p^irtlcle size, shape, ^Rd gradation are not the only' soil properties of 
concern tjo engineers. An understanding of the way soi^s are affected by water is more im- 
portant than any other single factor. 

Plasticity, One of the most important characteristics of the behavior of^ soils is 
known as plasticity. Plasticity is the ability of soil to deform under pressure without 
crumbling or breaking. Clay soi 1$ normal 1y are plastic .over a wide range of moist(/re con- 
tent. Coarse soils, such as cVean sands and aravels, are nonplastic The degree of plasti- 
city a soil possesses can be u$ed a$ a^ general index to its cl ay cont^ept. Sometimes the terms 
"fat" and "lean" are used to describe the amount of plasticity. A lean clay can be described 
as. one that iias "only slight ^plastic CHialities because it contains a large amount of silt 
and/or firlrgrsand- . 

Cohesion. Another important characteristic of soil caused by the presence of water is 
cohesionTi SoTTs that are \lastic are also cohesive." That is, they possess some cohesion or 
resistance to deformation Because'of surface tension present in the water film. Thus, wet 
clay 'can be molded into various shapes without breaking and will retain these though wet* 
Gravels sands, and most silts are not cpheSive; these are ca*l led -cohesion less soils* Soils of 
this general clasB cannot be molded' into permanent shapes and have very little or no strength 
when dry and unconf ined. Some of these spils may be slightly cohesive when damp* Ifcis jLs 
attributed to the surface tension in ^the water film between the grains of the^^^il.^ 

Moist^ire cpntent * The moisture content of soil is an extremely important factor. 
Moisture content defined as the ratio, expressed as a percentage, between the weight of water 
which is- contained' in a soil mass and the weight of solids contained in the soil mass* With- 
out the most favorable amount of^-water in a soil mass> compaction of the material becomes dif- 
ficult. Jhe soil will break or crumble and support no weight. The difference in soil without 
moisture content and that which has some moisture contfent can be r^adiy ob^served at a beach. 
The sand that, is above the tide line is dry and is loose and will not sustain any weight dis- 
tribution. The su|nM that is at or below the tide line is compact and will sustain, trucks and 
even heavy equipnfent. During construjtion it m^ be -necessary to add water, in the form of 
sprinkling, or leV>the soil dry out to obtain the^desired amount of compaction necessary for 
the. load-carrying capacity of the construction. " . 

Shrinkage . Most plastic soils will undergo a considerable reduction in ^volume '♦when the 
moisture content is reduced. The effect is most pronouncedewhen tRe moisture content is re- 
duced from thalj^of complete saturation to*a yjpry dry condition. This reduction in volume is 
called shrinkage apd is greatest in clays. Some of these soils show a volume change of 50% or 
more when passing from a saturated. state to a dry state. CoheSionleSs soils, such aS sands 
and gravels, show no change in volume when dried. In clay soils, the internal cohesive forces 
set up by drying, account for the rooklike strength of a dried clay mass. Both silts and clay 
soils may 4)e subject to $h?*^kage with disastrous- results in some situations. For example, 
the uneven, shrink^e of cl^y mAt^rials may deprive a concrete^ foundation or structure of the A 
uniform support for which it is designed and severe cracking or <^i lure* wi 1 1 occur when loads, 
are ap(llied to the surface.- > , ^ 

• . ■ '• 





Swelling. If water Is aoain added to a soil mass which has iinderaone shrinkage, but Is 
still saturatea^ It will enter the voids of the soil niass from the outside and destroy the In- 
ternal forces, ThuSp a soil mass will swell from the absorption of water, Jhls expansion may 
be very large and If coi^lned^ such as by a concrete foundation, may be sufficient to cause 
severe cracking and damage to the structure. If watj^r Is made available to the soil mass 
after the moisture contenrt has dropped below the shrinkage limit, the mass will generally dis- 
integrate along the surfaces. Obstruction problems associated with swelling are usually 
solved by taking steps to prevent the exces$^ve chanoes In moisture consent, removing the 
soils which are subject to these conditions^ or stabilizing the soil mass. 

Bulking of sands > This is the increase in volume which may occur in moist sand wheh it 
is disturbed and replaced in a loose condition. When $and is used as a foundation or as a 
fill material, it should be flooded and vibrated to produce a dense structure before pavement 
is placed on it. Bulking of damp sands is the principal reason why, in modern construction 
practice^ sands to be uJed in concr^ mixtures are measured by weight rather than by volume. 

EXERCISE: Answer the following question and check your responses against those listed at the 
end of this study unit. 

» . » 

1. List the six properties of soil. ' 

a. ; ' ■ 

b, ~r— ^ 



e. 



Work Unit 3-3. GRAIN SIZE r 

MATCH THE FOUR SOIL GROUPS WITH THE CHARACTERISTIC ySED TO IDENTIFY EACH. 

Gravel . You are probably familiar with gravel. In soil temlinology^ any bulky mineral 
grain larger than 1/4 Inch, is classified as gravel.. IX is made up of rocks of various sizes, 
as a rule worn smooth by water action. Next to solid bedrock, well^graded and compacted 
gravel with enough fine material to fill the voids is the most .stable base. This material ' 
forms a natural foundation material for base and surface courses for roads and runways. It is 
the eastest material to drain and compact. It is not affected greatly by moisture or subject 
to frost action. 

Sand. Mineral grains ranging I^Size. fpom about •lOmm (millimeter) to 2mm in diameter 
are classi fied as sand,* (There^are about*25 millimeters to an inch.) Well-graded angular 
(particle-shape) sand is a desirable foundation material, if it can be confined. It is re- 
latively easy to compact, easy to drala* is little affected by moisture, and ordinarily is not 
affected by frost action. If sand is uniformly very fine, it approaches silt and has many un- 
desirable characteristics. Confined sind makes an excellent subgrade, and for this reason 
works well under landing mats. ^> . * * * 

Fines . The fine-graded soils are not classified on the basis of grain si;ze, bitt ac- 
cord ingloliow easily they can be mol^M^cJ, (plasticity) and compressed (compressibility). 
Typical soils of this group are inorganic silts which Include very fine^ sands, rock flours, 
and silty or fine cla^ with slight plasticity. Loose type s^ils usually fall in this group. 
Also Included are Jnorganic clays such as gravelly clays» sandy clays, fat clays, and the 
gumbo- type clay of southern United States, which have good colnpressibil ity. 

Organic . , These soils are readily identified by color* odor, ^spongy feel, and fre^. 
quentjy by their fibrous texture. Pamcles of leayes,. grass^ branches^ and other ^fibjmis 
vegetable matter ari .common colmponents of these soils. Organic matter is frequentlyHndic^ted 
by the presence of olive greefi awl light b^wn to black c#1or$. The existence of large. ' 
amounts of organic matter may|!oj^n-be detected by-a distinctive odor, that of decayed vegeta- " 
tion^ No laboratory criteria/are established, for these $011$. Jhey have so many underflrabVe 
characteristics that when encountered, they are. either r^mrfved as objectionable material , or-,. 
flUe^ over with a ynaterial /that meets construction rtequijfements. In most case$ of road con- 
struction, especially in' southern United States, low swampy areas contMning this type of soil 
are filled in. / . . * 



EXEHClSt: Match the four soil groups listed in eolunm 1 (1 through 4) with the characteris- 
tics listed in column 2 that would be used to identify each (a~e). 



Column 1 
SQ.i1 .group *" 
J. Organic 
2.. Sand 

3. Gravel 

4. Fines 



a. 
b. 
c, 
d. 
e. 



C^)lunirv2 

Grain size larger than* 1/4 in.' 
Grain size from JOmm to 2mni 
Fibrous texture , 
Plasticity and compressiby ity 
Solid bedVock ^ 



Work Unit 3-4. CONSTRUCTION SURV^S 

LIST THE THREE DIFFERENT TYPES OF SURVEYS USED ON A CONSTRUCTION SITE, 

Tin>e and labor "will normally be saved by repairing or Improving existing routes of com- 
munication. Only if ttlis is not possible, new constru(Kion is started, i^hen this is the al- 
ternative, a construction suryey is undertaken. This is the orderly process of obtaining dat'a 
for various phases of construction work- It iticludes the reconnaissance survey, the pre- 
liminary purvey, and the construction layout survey. The reconnaissance and preliminary sur- 
veys are used tp determine the best locations. The remaining surveys are done after the lo- 
cation has b€?en established. Upon completion of a thorough construction survej', the infor- 
mation is transferred to the field by. means of construction stakes. These stakes are the 
guides and the references for earthwork construction. They must be marked so that tfie con- 
struction will conform to, the planned line and grade of the prcKject,: and $o that the infor- ^ 
iftation on the stakes will be properly understood by the construction crews. 

Reconnaissance suryey t This survey provides the basis, for selection. of feasible routes 
or sit^s and furnishes information for use on, subsequent surveys. Reconnaissance surveys are 
classified as either area specific. An. area reconnaissance covers a wide range in the 
search for a possible site and its primarily made with maps and aerial photos. The»specif1c 
reconnaissance survey involves viewing desighated locations from the ground and the air. 
Existing topographic maps and aerial phptos should be used in conjunction with the ground re- 
connaissance. During the ground reconnaissance, questionable soils and water table elevations 
should be checked. Stream depths and velocities^should be measured. Marshes, grades, rock' 
outcroppings, and any other. things that may affect final location sho^uTd be checked and 
noted. On airfield reconnaissance, runway center lines should l>e established and a profile 
taken, A complete reconnaissance report contains comparisons, findings^ and recommendations 
that are supported by maps, field notes, sketches, photographs, computed data, and. any other 
Information collected before and during the survey. If, on the 'basis. of this Information, lo- 
cation cannot be determined. It will be selected during the preliminary survey.' This is 
primarily true in rOad location. / 

■ ' ' / - ■ • • i 

, Preliminary survey . The preliminary survey includes the establishment of a tentative 
centerline, the plotting of certain terrain features, determination of a few critical eleva- 
tions, and field clas?if ication of the soils encountered. The most likely route is staked 
out, and this centerline is locate<J witti whatever degree of " accuracy required for the given 
situation. Prominent terrain* features which sef-ve to identify the. proposed centerline, and ^ 
terrain features which ijjfluence centerline locations ^such as swamps, rock outgroppings, or 
dense woods are plotted. Elevation^ of key points whiclj determine grades are established arid 
cross-section elevations' sufficient in number for making Earthwork estimations are de- 
termined. Usually a map showing the- iTroposed cpnterline, elevations of key points oj^ con- 
tours; significant topography, and typical cross sections is drawn to summarize the^survey. 
Soil classification data can be placed at typical locations on the map. The care with which 
the preliminary survey is accomplished influences the extent of the final survey. It is'the 
preliminary survey which suppliesHihe data needed for the final location studies and decisions 



-Qons^t^ij cjtlon 1 ayout survey * This Is an instrument 'survey which provides alinement, 
grades ;"lWd ToiitVorti i6 juiae the con$truction operations. It includes the exact placemist 
of the centerllne^ layout of curves^ setting all remaining stakes such as slope or should^ 
staking out necessary structur.es^ laying^out culvert sites, and other work .required in order 
that construction may be^in* The surveyors should stay ahead of the constructioh activity in 
both time and distance to guarantee uninterrupted progress of the construction effort. Adding 
and controlling constructiort activities 1$ one of the primary functions of the construction 
surveyor. Surveys are a continuous operation that is carried on untlV construction is com- 
plete. Stakes will be burjed. lost» or destroyed by equipment, and consequently will have to 
be replaced. In^the combat zone, it is conceivable that roads and airfields will be con- 
structed with a minimum amount of preplanning and construction control activity. However, for 
a deliberate project, such as those to be constructed lln the United States, extensive surveys 
m^ be conducted. The quality and e£ficiency of construction is directly related to the num- 
ber and extent of surveys and other preplanned activities, 

EXERCISE: Answer the follQwing questions and check ypur answers against those listed at' the 
^nd of this study unit. / 

1* Ljst the three different t/pes oT surveys used on a construction site. \ 



a. 

b. 
c. 



When do surveys end? 

t 

a. When construction starts 

b. When the job foreman is satisfied 

c. When construction is complete 



Work Unit 3-5. CONSTRUCTION STAKES 

STATE THE PRIMARY USE OF CONSTRUCTION STAKES. . ^ 

The primary purpose of construction stakes is to indicate the alinement of the project 
to the equipment operator!^ and construction crews. Stakes are also used to prevent excess 
work by indicati'hg the limits of cut and fill at flight angles to the centerline of the project. 

' The types of stakes Include centerline, slope, ditch, offset, reference, grade, inter- 
mediate stakes and temporary j|)ench marks. Stakes on which information is written*" should be 
approximately 1" x 3" x 21, Hnished lumber should be used whenever possible. If this i$ not 
available, small trees that have been blazed on both sides and cut to lelrath can be used. 
Finished grade stakes and bench marks are usually 2" x 2" x 12^\ The stales are placed by a 
3-^ to 5-roan crew equipped with a transit, a level of some type» a 100- ft Steel, tape, a rod, 
and an ax. There should be a clearance of 6 .fe^t on each side of the cut or fill. Construc- 
tion stakes are marked and placed to conform to the* planned line and grade of the proposed 
construction. A uniform syst^m of marki,ng must be' adopted so that th^ information on the. 
stakes will be properly interpreted by the construction crews. Construction stakes indicate, 
at various locations, the following information: • 

The station or location of any part of the construction in i^elation to the starting 



point. - ' ^ 

The amouQt o£ Cut and fill from the existing gAund surface to the top of the^ub- 
grade for ceoterllne Stakes or shoulder grade for shoulder stakes! ^ 

The horizontal distance from the ceaterline to the stajce location. 

The elevation when the stake \% used as a temporary bench mark. 



Ik 



The'side slope ratio* used on slo()e stakes, < 

A typical sel of construction stakes consists of a centerline and two slope stakes. 
This is referred to as -a thre^^poiint. Point one is the centerline, and points two and three 
are the oonstpuctioni limits of the <Uit and fi 11, jit right-wangles to the centeflfne. 



EXERCISE: Ansvitfktlie follbwlng questions and , check your answers ag^jfnst those listed at the 
end "th,1$ stu^ unit, ^"t J " 

1. What Is the primary purpose of construction stakes? 



2, What does a typical set of construction stake.s consist of? 



Work Unit 3-6; DRAINAGE , . . . 

STATE THE METHODS USED TO DRAIN SURFACE WATER FROM ROADS AMD AIRFIEltfs, 

NWE; the TVPE Ot used to eliminate water in the SUBGRADE or BASE COURSES 0F A 

ROAD OR AIRFIELD. ' ' . 

STATE THE REASON-WHY A GROUND :^RECONNAISSANCE IS^ DESIRABLE, 

STATE THE PURPOSE OF TEMPORARY ORAINS. " ^ , 

Drainage Is an Impiijrtant factor In plamtlng wd designing .all construction work» and If 
remains Important during the en t1 A construction period. The servlceablll-ty of a roa>i depends* 
upon the adequacy of^ the dralnagewst^m. The w»houit of a culvert or a portion of the road- 
bed due to faulty drainage systcm^ay close thefirpad to trafflc'ipit a vital t1me> Flooding 
caused by inadequate drainage may lead to failure of road and airfield surfacei^'"^ Th^ first , 
construction work tKen on any project should be the establishment of a dralnageTsystem for the^ 
work to follow. You should be^fiilly aware of the* function of draljiage. Including adequate,. -*'" 
drainage during construction, and the proper methods of providing It. *The*1mportance^.x>f''' 
drainage cannot be overemphasized- i ^ / 

The^ drainage system must be designed , to effectively rertove «f|1 surface water from oper- 
ating areas, to collect and dispose of surface water from adjoining ar^s, and to collect and 
remove excess ground water. Before a detafled design *'bf a drainage systeOi can be made'^ the 
rate of supply or|quant1ty Of w^ter entering the system at critical points. must be careful^ly 
estimated. It Is/deslrabie to know the annual amount of rainfall. RainfalV intensity Is 
based on Information and data s^ppl led by weather" stations In th^ are) ^nd wl'll* Include tables 
showing intense short periods, precipitation in per1<)ds from 5 minutes to 24 hodrs and an- ^ 
nuiPralnfalt statistics. However* seasonal variations and Information on typical Intense 
rainstorms are more Importarilt jrom the vie^plnt of the drainage pro|)l6m. Failure to consl^r 
the Intensity of a severe rainstorm Is usually the cause of drainage problems and failures. 
Conslderatljon must be given to proposed use of the Construction. If It Is to be used' for only 
a short period of time, a detailed drainage system would b^ a wa^te of t1me» labor, mi,, 
materials. If Improvement or expansion of the operation Is anticipated, after the original' 
requirements are met, ^drainage should be designed so that future construction w1 IT not load . 
ditches, culverts^ and other drainage fac111tTe$w The availability of iengineer resources 4$ 
an Important preliminary consideration. Heavy equipment^ such as doz.er$, graders, scrapers, ' 
antr power shovels Is commonly used on drainage problems. Whe.re ^unskilled labor Is In large - 
abundance, together with handtoolSt much wqrk can be done by hand* Provisions must be made^ . 
for the prdper use of all available mater lalaAhecessary for construction of culverts, ditch 
lining^, dralnj, an<l retaining walls. . / " ^ - .• ^ ' : 

/ T^pes of drains ; All drains can be classified as either surface or subsurface. Cla.ss- 
1 fifati on depends upon whether or not the water. Is on or below the surface of the ground. at 
theK point where It Vs coTleCted Jor^lsposal ♦ Surface dralnage^prpvldes for: the collection 
and removal of water from the surface of roads and airfields, mis is^fmportant because "water 
oa the surface l/iterfer^^wl th traffic^ qauses erosion, and ff ^lowed^'to seep Into the sur-r 
face, jf^lU cause damage to the subgraide. Surface drains also liitencept^ coUecj^, ^Itkd remove 
surface wat^r flowing toward construction surfaces from adjt(:|ht areas. Subsurface drainage 
Is. similar 10' some respects to surface drainage. Hater Is present under the surf ace "due to., 
seepage froq surface wa^ter and other bodles'^of water* Surface water seeps down through opeh*- 
in§s, un«41 el" surfaces, or laterally along thet top of Impassable soU or rock layers. Ground 
water may pon>l above In rodc^f^ers, to form ^ar subsurface lake or perched water table. Subsur- 
face drainage Is provided ..V^pllect and remove any\f low of ground ^ater 1.nto the subgrade; to 
IdwerC water tables; to Wain" ^ pockets or perched water, tables ;"-or for any combination of 
these purposes, .v - * 




ire's, 



Surface water Is removed from roads and airfields by pro- 



Surface drainage stituctqi 

VKlind a<Ti&<)U^te Ci^own^ or. ir;(fansverse slopes. Drain systems must accommodate the water 
entl^rinfg from adjacer)t^areas.^ Natural and artificial means are used» usually In com- 
bination, to intercept, collect, and disperse this surface water. Natural elements In- 
clude streams, r1ver^s,"dry runsi Wd ponding areas. Artificial faicllltles are open 
channels pr ditches*, culverts, Urains, and the rtecessary auxiliary structures. \ 

Subsurface drain . J n most qases,^ the presence of excess water In tlie subgrade or base 
courses causes a deduction In tt>e stab111ty-Qf pavement foundation and damage from 
frost action. The entry of water to the subgrades can be attributed to surface 
\ penetration', ground ^eepage, or capillary acflonf To Insure serviceability of roads 
and airfields 1n areas where these conditions exfet» some method of control musf be ^ 
used to collect and remove this excess water. The rernqtal of subsurface , waiter may be 
accomjfllshed by a system of .subsurface dralfj pl,pes (pipes con$lst1ng o^jidrous, 
perforated material or pipes laid with op^en joints) placed in Jt;renches^and backfilled 
' ^ with a suHable layer of filter material. Another method 1$ tne use WF."<JHches or 

channels to lower the watir table and^prevent seepage. The ability of the open dItcK 
or channel to remove this watpr depends upon the nature of , the subsurfacfe soil, the 
.location of the channel, and the availability o( a free outlet* There are other ' ^ 
special methods such ds dry wellii w|ilch are designed to drain a parched water table in- 
. to a loWer ground reservoir. 'Stil)sUrface ||rafns may be categorized according to their, 
purpose asr base, subgrade, or intercepjlnl, drainage. ^ • 

. ^ V . ■^ ■ ■ 

« Drainage^ recQonalssarfce . A ground reconnaissance Is desirable becjt use many conditions- 
that affect drainage can be seeo only by visiting the site. In rnany places, gullies and other 
drainage pal^hs !lnd1c^^|^kc^/)f:' r^infaU. Puddles, wet' soggy iearth, and Jrquatic pUnt^ 
growth indicate thatJPBHPcert||n^ part of thejyj^ar, the natural drainage ^ inadequate for 
construction work. , Dryland* cfc racked soil is! a sign of lo4s of Vater 'throug>@fev<iPoration and 
IndicatejJMwdequate/suti^rfk^ Adjacent streams should be studied to determine the 

p6s^ib1>ftjl||6f floods and the dralnaaitjOMtfall eleyatlon. Springs,' quicksands, Seepage from 
steep hinl(s., and o^her |ind16at^ns pf -InlghirWater tables ^j^uld be observed. The type» 
denslt)^ and' extent o^. surface <over should be noted since the presence or absence of 

irea. ffefore any design can be 
i amount of Information needed, of 



vegetation greatly influences runoff chairac terl sties of the^ 
un;ler.takJK, .basic informiut4on and data must tifi obtained. Ts| 
course, Ts based on the j^plexlty 'of the desl^.. T*^ 



^on- 



Temporary drains during construction . * PropBr consideration of .drainage during tl 
struction period will freauenlly el*1m1nat^ costly Initial Relays and fiiture failures caused b 
saturated subgradest .A carefuV consideration of the following items w1\l aid In jnaintain- In 
,sat1s factory drainage during ttte' construction per^iodV \ - ^ 

. Diversion and, outfall dltqhes ; l^ffloagfe to el1mft^ate\^ater which wouM interfere with 
"(cOnq^tructlon opcrratlons fhcTudes excavating diverslon.tditches to concentfate^all surface 
waters In natur;!il ahannels 4nd building outfal\ dltcjies to drain low or swampy spots* Such 
work An Initial operatlon^and may be done at the same time as clearing and. grubbing. Care 
ful consijleration should be given' 'to t.h* draining of all roads, equlpmc^nt areas, bor^-ow pits, 
and spoil ak^eas. . ^ . ^ ^ *- 



i 



^ Use of existing ditches and drainage features; Maximum use should ^e made of all ex- 
isting drainage, facilities and ditches* Where possible, grading operations should be made 
dowr^lU, both for economical grading and to utllij^e' natural drainage to the fullest extefft. * 
Backfliling of exjsting ditches and drainage channels should J)e schiduled so to permit *tt^ 
longest possible^ use of these' structures for temfttrarv drains.' Construction drainage plans' 
should ik coord,1 rated with the layout and design of xne final drehinage fafilHles to insure 
maximum use of temporary drains In cbntruction of pevihanent facllil^ies. A-particular effort 
sliould be made to'malntain we11;;jdra1n€Ld subgrades and base^'^qourses' to prevent water damage. 

EXERCISE: Answer .the foil o«(fngJque^tions and ch^ck your answers against thc^ise listed at the 
end qf this stMdj^ H,"^^*ii^ * ' * ' 

<5 ' ,1. ^tate'^the methods, used *to drain surface water from roads and airfields. ^ 



Name the^pe bf drain used to eliminate waxer in t^^ subgrade or base a 
Toad or alfilefq. y ^ -t; r o / 

Statfe the reason ^^ground jreconj^ i ssance Is deslrabi^.^ > . ^ 



courses. of« a 



4/ Sta^ the purpose of temporary drains. 



V 
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Work^nlt 3-7, DR6ANIZATI0N OF THE CONSTRUCTION PROJECT 



STATE WHAT IS AFFECTED BY THE PROPW SELECTION^OF A CONSTRUCTION CREW. 

> . ... . . 

. STATE THE PURPOSE OF A TRAFFIC* CIRCULATION* OVERLAY. 

SeTection of the equipment for the Job" Is ld(jlteAdur1ng firral planning^ In selecting the 
equipment needed, job directive and recpnnaUsaince reports are reviewed, AJl construction 
problems wl^ch might 4r1se are antlclftated so that ^the ..necessary steps to^prevent these pro- 
blems C'^in be taken Into cons Idei^at Ion. It inay be necessary to make* a second p«o,onna1ssance to 
Insure that these anticipated problems aptijally exist. - ' 

Selection of construction crews. A construction element consists of equipment and meti 
organized ^ a team or as^ crews to carry out sRpcific portion^ of the iob\ These crews'are 
brgafiized after weighing all factoid's related'to the job. Proper crew sejection has a gr^at 
effect on the overall progress of construction project^. Improper crew selection could' q^reate 
delays, in these operations that could further cause problems in the delivery of materials, and 
f other services import^rft to 'the project. Proper crew $electi(3n has an affect on the progress 
of construction operations. A man with little training, say in grader operations, may not be 
able to operate efficiently. On-the-job training, of course, slows down operations, at least 
temporarily. Unexpected illnesses, emergency leaves,, and the >i ike may leave you" short on ex- 
perienced personnel, the w^y yoti u$e your cripVs depends upon t^j^ situation. It' is necessary 
that you form *the crews, using the skilled operators on those jobs which require speed, effi- 
^iegfy, and exactness. Untr^intfd personnel ^n be utilized in m^iny other areas which require 
vei^ lit^tle skill, but they must be closely supervised. 
. ^ ■ ^ w - . 

Traffic circulation overlay s. /To Insure thSttjeams work effectively witfcut gettin? in 
each others way, an anticipated f lov^of material and «^ulpment can 5e plotted on an overlay? 
If this reveals tbat. any part of the work will interfere with another part, it is necessary to 
change the *f low of traffic to eliminate a bottfeneck". It may tie necessary to reroute the 
traffic or to reschedule a portion of the construction. The plotting*of traffic circulation 
on an overlay may ^^Isa indicate the need for secondary construction such as a hasty haul 
road; 'The overlay'' may be used to deterwir^e. the location of material stock pi"^s, equipment 
poals, rj)ck crusher^, and other construction equipment^ It shouM be remembered thcit the 
. ba'sic principle governing secondary construction is that the time spen^ on such site improve-^ 
ments most reflect^^ojj^the time gained on the prinwry construction^ 



EXERCISE: 



Answer th^ t^lowing questions aad check your ansWers aAinst those listed at the 
end of this'study unit. - . 



1. What effect could^the improper se»?ct1on of a construe tion-.crew have on h construe- 
'tion project? • ■ - 

2. ' What is the pripiary purpose of a traffid overlay^ • - ; ' ■ , 

' 1 . A. 



)^rk Unit .3-8. CONSTRUCTION TASKS . * 

• " LIST THE ITASKS NECESSARY TO BtGIN A CONSTRUCTION PROJECT. 



After aH information is gathered, a final plan is developed. Th^^s plan includes ne- 
cessary changes\in job directives; final drawings; estimates of. personnel , materials, and - 
equipment required? the construction $chedule; and the sequence of. construction tasks. The 

^maind^r^of ^this study unit gives .atterttion io selectlop of equipment for typical eonstruc- 

vTion ta^'^. ^^ .^ ^ ' . ' 

V •S, • ClearTW* This ^o^erarion "includes the removal of brush*and trees from the construction 
site. The best piece Of Equipment fon this operation ^is a crawler-tractor*, especially, for 
hee^ clearing and on st^ep slopes. In^.ighi clearing* wh^ele5 dozers havd prov&n Very eco-^ 
nomical* The clearing should start at the point tif disposal and fan out^^ard so that trees and 
' brush cah be puflded over a cle^d area, ^TH^ heavier dozer^^an^d best operators' are used to 

. felT'tree$, The slighter dozeraS|>nd .the less' skillful operators are u&ed to renK)ve the^ . 
debrl{. This is a good spot to use tho^se operators wKd are opt yet skilled in fusing a dozer. 
^ Trees are felled and debris is pushed toward. the point of disposal. Iii construclion where the 
facilijties will be usm^. for a long .period of Hme and may be ex^ande.d, the .debris should be 
burned off* rt)r tonstruttvlpn in a mi^lltary theiter of operations this is Tiot necessary* The 
"debris should be Vemo^ed far 'enough away so' as not -to interfere with construction operations . 
or any future plans'of* enlarging ihe facilities* Clearing r^ites using dozers ajce discussed in 
stud^ unit 2. ^ ^ ^ . ' ' 



stripp ing. Stripping consi sts'^f removing the organic material or overburden from the 
cons true t1 on prtj ec t . Where this materleil^ls tb be mpved a short d1stance| dozers represent 
the'best choice of equipment. For iQng hauls, tractor/scraper comblnatiorV^'^e ^>est. In some 



ca$e$» gradftri may be u$ed for light strippl^gT U is be$^ tt strjfr^by loalJng while tra>t^l- 
ing towjrd th§ point of dlspCsal, The cat^ of stripping depends on the vollie of material to 
be $trJi3iped^^ the distance It Is to bQjnH|^, and the capacity of equipment selected to move it. 



Ditching and changeling . - ^ t . 

Ditching , A ditching oper^ioiT consi sts of shaping open drainage ditches and cut^*^ 
tin^ trenches for the placement of utilities and .closed drainage systftms^ Graders 
.and i^ozers are used to cut open ditches. Where a trench 1s to be used for a closed 
drain, the backhoe Is a good choice. The ditch|ng operation should start at the ^ 
lowest elevation to insure proper irainag^ of the project during construction. In 
backfilling, care ihould be takian to see that the material placed in the ditches is 
compacted, to th£ maximum density required. ' , - - 



C '". Channel Ing . This operation tonsists'of diverting 'from the cqfistV^uction site all 
streams wnich might overflow or €low into the construction area, ^improving natural 
drainage .Channels, and (fbnstri^^ng 1nterce|)ting ditches and dikes. Dozers, 
* shovels, icrapers, draglines, and graders are (S^ for this operation. The type 
selected depends entirely upon tHe site conditions. / 



:ting ana n ♦-^ing.y . . . . . 

\ V> ' . . . 

Cutting^ Cutting is the excavation of excess or objectional material from the 
♦site As far as'possible^ the cj^itting 1$ planned and k^x^d in with ther filling 
operation, ,so that thes^ two operat^ions can be balance<^ as^close ii||)ossJble^^ , 
Usually JtHis calls for the removal of earth and rock 1aye?ST — De«i^^:iTFBe'ljsed 'if 
the distanc^e'isc sKort .or if, if is a sidel;|ill cut. Scrapers are used when the 
ahlount.Qf m^t?r1aV is^'>arge and where' the hauling distance to stockpiles or 
. disRosai areas is beyond 'thef .economical hauling distance for dozers^ Whan 
ptossible; roQk foaiurt4ons afid other, hard materials are Broken fiwrwith explosives 
to ease Toading. wj consolidated giaterials; .it may necessary to usfe r<ppers 
before t^e materials can be excavated with scrapers or dozers. 

Filling .^ This cbn*1sts^*of fillingt 4n*|rea with materials which can be compacted to 
maintam the correcjij grade or elevation. There are three basic types of fill 
materials:.^ «arth, rock^, and consolidated material i (-soil ar\d rock particles partly 
cemented t4S^ther as in.hardpaf0%«^|fcle) . The type of fil^^^terials used vfill 
affect^^the type of completion eqiflpmwt selected. Careful pl«n1ng is^ needed to 
maint^nf^Vproper balancfe between ^cutting, filling, and compactfon tajk/. The fill 
material ^is spread- in Jaads suited to the compaction equipment usgilxffi the ^ill 
area. . - • - 

Compaction . Compaction is "Ijhe firm pacifing together of a soil ma^s. T^^e compacted 
soil should hav^ only a/slight change in moisture content. You should spread fill 
•>nater:ials tn layers thin-enough to assure uniform ^densi tjf throughout the mass, ♦ 
w)j1 la controlling the mofsture content. Compaction of fill material can 'also be 
lmpf;6yed by blinding several Wpes of ^oil s ^together. Obtaining th^ Hght molstuVe 
content, if^thr fill material %es not have*a sufficient amount, is accomplished 
^ usind watcfr distributors or by flooding an araa. If moisture content is toq^high,!^ 
* cul tivators' or rotary tillers dan be used to Piftwve it by continually turning the- 
soil until the desired content 1^ reacbed« Shiftpsfoot ahd pneumatic -tire rollers 
aVe used to compact the'su69rade base and^tbe subgrade. The l>as^ cour'se is com- 
pacted by ^smooth wheel roljen^ where they material is hard and has. a 1 1ml ted« amount . 
of fines. *^Pneumatic tire rollers are used on the' base course when, the material is 
soft and tepds to break down under the action of a steel wheeled roller. 

Fine grading . Fine gradinjg consi sts of ^shaping the foundation, ditching^vipv^^ 
tions, and smoothing and crowning roadways. Motor grader^, towed: grad|Ar<',^^Vdro 
dozers, ^and scrapers are. used for grading. Scrapers can grade to withla^\1.^ 
•finish, bat , graders mu«t be used "to obtain smooth finished surfaces; :;finl«t^ 
operations should cVosely follow compaction to furnish a jcrownol, ti;s(tit-r- * 
water- shedding surfa^, ^ree'oi' tholes which pr^vei>t ruhoff. T* ma^rial Is gr'aded 
from one 'side of thf^oadway orrunway to the middle and hack k ihe edge ^un til the 
required J ine and grade, are reached/ * / ^jj^^ « 




Answer the following question and check your answers ag^nst those listed at the 
end of this study unit. - - 

List the 6 tasks necessary to begin a construci/ion project. (In any-order) 
a. ' 




e. 



SUMMARY REVIEW 

- ^ • i " 

In the preceding work units you have learned to identify the different types of surveys 
and drainage systems^used ^t a construction site, ,Jou learned the primary use. of construction 
stakes and*^e proc ure s for soil ^identification. You learned how to organize a construction 
crew and colKtruct ionppojecjf^ 




Answers to^Study Unit #3 Exercises 
Work Unit 3-1, 

• 

1, a. Sieve analysis 

Het^Whanical analysis 
c. Comfilned mechanical analysis 

2. The 4)ropert1es which Identify -and cj^jsslfy soils. 

Work Unit 3-2.' ; . 

• 1 . * (In any order) ** - . 

a. Plasticity 

/ b. Cohesion v 

c. Moisture content * ' 

d. Shrinkage 

e . Swel 1 1 n^^ , 

f. Bulking of safids . 

Work Unit 3-3. 



1. ^v Fibrous texture 

2. b.^ Grain slze^from .ipmm-to 2wn 
3: Gr^iln size largeir than 1/4 in* 
4. d*: Plasticity an<) compressibility 



Work Unit 3-4. 

1 . a. Reconna1(sanoe^ 
b. Pre1im1r>ary 

• c. ConsVuction 

2. c. When constructiorf is complete 

Work^Unit 3-5s, 



\wglki 



I ^ 1. To indicate the alinemertt of the facility to the operators and construction crews 

and to prevent excess work by indicating the limits ^^oFlut and fill at right angle 
to the centerline of the project \ «i 

1. A centerline and two slope stakes. l . 

^ - ) 

Work Unit 3-6. . ' 

1* Adequate clowns or transverse sjopes 

2. Subsurface dr*1n \^ * , 

3. Because miny conditions that affect drainage can only be seen by visiting the ^ite 

4. To eliminate delays and future fail^ire? caused by saturit^d subgrades during 
construction. 



Work Unit 3-7. . 

1. Delays 1n» operations. 

2. To eliminate bottlenecks 



Work Unit 3-8. 

4 



1. a. Clearing . ^ . : > 
^ b. Stripping ^ 



c. Ditching and channeling * ^ ' , ' . 

d. Cutttng and filling 



e. Compaction 

f . Fine grading 



■ STUDY UNIT 4 



THE MAINTENAf^CE SYSTEM 

STUDY UNIT OBJECTIVE: -^UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU WILL 6E 
• ABLE To LIST THE CATEGORIES AND ECHELONS OF MAINTENANCE. YOU WlLL BE ABLE TO DE- 
SCm^ MAINTENANCE SHOP O^jiANlZATION AND LAYOUT, • 

^ Section. I. MAINTENANCE SUPPORT 

Work Unit 4-^1. CATEGORIES OF MAINTENANCE * ^ ' 

LIST THE THREE CATEGORIES OF MAINTENANCE. % 

LIST TH|^ ECHELONS OF MAINTENANCE WITHIN EACH CAT^fiORY. ^ 

The successful accomplishment of engineer missions' depends largely on prevenliv^ 
maintenance of assigned equipment. Maintenance Is the action taken to retain materl>il in, or 
restore equipment to, a serviceable, condition. It inc Hides inspection, testing,' serAcIng, 
serv^eabfl Ity. classification, refHacement, repair, rebuilding, and reclamation of equip- 
ment.^ Many processes, procedures, and tectipique^ are involved. As a whole, they proviV a, 

-guide^f.or complete and proper maintenance of engineer equipment, begl^nning at the using^it 
i^vel and extending through the depot level E^dh ejement of maintenance is assigned to aV 
specific organizational Jevfel that has the capability. to handle it. The basic maintenance 

^problem is the development of a balanced, fjexible maintenance structure. Within this struc 
ture the amount of maiote^nance to be performed at the appropriate maintenance levels is estab- 
lished. FojMTWre information on the maintenance systeini refer to MCI t:oucse 04.12, MIMMS. 



The ma>intenance system 'established by the Marine Corps is based on three categories of 
maintenance: organizational, intermediate, and depot, f These three^'categories contain five 
echelons of ilrintenance. ' The first and 'second* echelons comprise organizational mainten^ce, 
the third ami fourth echelons make^ u|t i>IM:ermed1 ate maintenance, and the^ifth echelon is depot 
mXInten^nce, The echelon where specific work is to be performed is determined by the^tactical 
situation, nature of repairs* time available, the number and skill of personnel, and the 
availability of tools, test equipment, and repair- parts. Each of the five echelons of mainte- 
nance defines the scope and .capabi 1 ities of"' each maintenance organizatlon^r facility. Higher 
echelons of maintenance perform that category of maintenance -assigned their organieft<1on. 
They also perform, within their captabi 1 1t1es» overflow maintenance, whichrjs bewmd ute capa- 
bility of supported units. The lower echelons of ,maintefianc« shouldjioyBgP^^ perform 
any repairs that are assigned to a higher echelon* Evidence of sucfr<at1^Pj|fts or of abuse of 
equipment, or preventive maintenance beyond a unit's capability should'be reported to/the pros- 
per Gftnimander for correct Ive- action* Sound-maintenance practices i^i €t/ch echelon c^ be 
achieved only if this coursfe is foU^pwed. 

. ^ \ - ■ ■ ■ ■ ' 

Organizational Maintenance . This category of r^intenance is the respons^bil Ity of the 
using organization. Its phases normally consist of Inspecting, servicing, lubricatipg, ad- 
justing, and replacing 6f parts, minor assemblies^ and subassemblies nqt requiring highly 
technical skills; '^^Or-gajilzational maintenance Includes: * , . 

First echelon . Maintenance which is performed ]fy the user, wearV, or operator. 

Sp^^^^^ e chelon . Maintenance which is designed to be performed by sfTCCially trainee^ 
persomtel provided for that purpose In the using organlzaWon. Operato^s should 
assist unit iiiechanics In performing second echelon maintenance* ' ' 

Intermediate maintenance . Intermediate m^intenanceHs th^ category of maintenance au- 
thor izeTlnT"perFor^^ majntena'nce activity in direct support of iJie usin^ 
tivitf, oV b^ higher echelon maiattnance units supporting the direct ''supportvmaiin^riilkce ac- - 
tivityv: It is normal ly. 1 imited to replacement oT' parts, subassemblies, and ass^^ies^ 
Intermediate maintenance unitg support^fe)wer echelons by providing technical assjj&l^hce,. /A 
mob1 le- repajr crews, and repair parts Wen necessary^ Intermediate maintenance^-Wcludest 



Jhird echelon . This Is maintenance normal ly perforrned in direct support 'of, using 
units and in some specifically authorized cases, by the uslhg unit. Umltations 
within this e<;hflon are ImposeS primarily by the tools, test equipment, and repair 
parts^ authorized, ■ , V ' /-"^^^^"^^ 



Fourth^ljelon. This is maintenance performed in rear areas by 4 highpr echelon 
TltlimjOhmiTfnance organizations directly supporting the using "Units. It re- 
quires wore elaborate facilities and is limited only, by the tools, test equipment, 
and repailr peirti «\ithoH2ed. • , 

Depot maintenance > Deppt maintenance facil ities repair materials riBquiring major over- 
haul or comp^^ve rebuild of parts, subassembl ies» or eqd item^ Tfiey normally support tJje sup- 
ply function by rebuilding and returning materials to stock on a scheduled basis. Fifth eche- 
lon and depot maintenance are the same. ^ ^ 

EXERCISE: Answer th^ following questions check your .answers against those listed at the 
end of this stui\y unit. . , i 

.A 

1. Define maintenance. , . 



2. List the three categories of maintenance y 



a* 
b. 
c. 



3. List the echelons of maintenance, within each category. 

a. ■ • 

:^ HI ■■ ^ ^ — T 



c. 



Section II. MAINTENANCE SHOP ORGANIZATION 

Work Unit 4-2. ORGANIZATION . ^ ^ v ^ • 

STATE THE MAJOR OBJECTIVE 'iN ESTABLISHING A REPAIR SHOP ORGANIZATION. 

The repair shop is organi^ed and operated to accomplish the mUsion of maintaining en- 
gineer equipment or restoring , it to a serviceable condition. It may vary from an Extensive 
permanent structure with a .sW)p. f or ^ach repair fUTOiion, to the temporary shelter having all 
functions under one roof, T|te \\ze of the repair shdy^ is limited by the tactical situation, 
natOre^of repair, time' ayJIlaWe, skiHs-'and number of personnel , and the availability of 
tools, repair parts, -And test equipment* Regardless of the size, if the shop is to fiyiction 
smoothly and efficiently, it is necessary to establish a sound organization. The principles 
of Qrganizatlon and the responsibilities and practirev>are applicable to 'all types and sizes 
of shops. ' . , ^ ' 

Objective . The major objf^ictlve in establishing 4 repair shop organization is to pro- 
vide a basH by which management ^ an mo^t effic1ently-,dnd effectively maintain equipment in a 
serviceable condition and restore un^rviceable ^equipment to a serviceable condJtion.^The 
shop organization establishes th^' relationship between units apd guides the flow of supervi- 
sory effort. * - ^ ? f ' , 

Pol 1(St^S t For successful operation and a ^pooth running jfhop it^is essential that: 

Every function be specifically defjned'. - , . 

V Overlapping responsibil ities be;el injjnated,,W ^ ^ 

Authority delegated be <jqual to the resj^dnstbility. ' ^ . 

* ^1 
Responsibilities of i^erVisio'n be cl^a|-ly defined ^And understood. 

Orders be issued through estabtished channels. ' ^ ^ . ; 

* Each man- knows his job, to'whom he reports, and who ,repoi^s to him. 
■ ■ - ■ ■' : ■ " 

Supervision * The ^quipmenJ^ off icer js responsible fdr overalT supervisldn of th^ re- 
pair sht>p. To supervise Elements effectively^- the shop organlzatioh defiri^ the various * ' 
operations, details responsibil itWi for each operation, and defines the re$ponsi)yJity and 
authority of $up*Vv1$ors. ' As the shop maintenance chief, you will be in charge of a particular 



phase of 'woif'k fmporti^nt to the fe/flcient functioning of an organization .Atou can assign 
others to certain duties in the many- aqglly^tle^ within the shop, but the Yesponsibi ) ities are 
yours. Yqu are responsible ^for a1 Lbf^. tiSe' men "vSorking for you, directly or Indirectly, and 
for all of thVwprk'perfocm^d by thern* In asslgnlnig <j4it1es, a-nian*s experience, his 
specialty, and hfs ability, to get a job. done should be considered. It Is good shop practice 
to have a mol^ile repair truck in readiness at all 'times. A smart maintenance chief will keep 
^ good al 1 -round *>iiochan-ic-d.vfli la61e for this position , at ^11 tloies. . Do not pass up opportunl- 
yes for OOT. On field emergency repair tr1ps> send along a helper who does not have too much 
knowledge' about emerg/ency ^repair work. He can assist in making repairs and gain valuable 
knowledge about his work, Mainten^ince repairs in a permanent shop are usually more special- 
ised than field maintenance repairs and the finished product is mopfTcomplete. It is gbod 
practice to assign personnel fiav^ng skill in ascertain field such A engines (gas or diesel), 
tracked , vehicles, cranes, or electrical devices to repair the equipirint with which they are 
famili^r.^ In all Jobs, use less experienced personnel as helpers. You .w'111 find that these 
helpers are soon capable of performing work on equl^lpent. When time pfei^mits, yf^ should use 
every opportunity to develop other skills in your men. Shop rules, regulations, and standing 
operating procedures (SOP's) should be written*-, published, and posted throughout the shop. 

/tXfRCISE: Answer t,he fol lowing. questions and check yoifh an$?^rs against those listed at the 
end pf this-study unit. . x. • 

1. State the major^biective In establishing a repair shop organization. 



2. The shop organization establishes the relationship between units an'd guides the 
' flow of the effort. . 

3. Who is responsib^le for the overal b supervision of the^ repair shop? 

" a. E^iuipment chief , / ' " ^ 

b. Equipment officer 

c. Admin -clerk ' . ' , 

d. Supply man . ^ 

4. If 'a mobile repair truck Is part^'of your shop structure, who should you put In 
cliarge of it? ■ . ^ " 

Work Unit 4-3.. RESP0NS»ILITIES ' ^ ^ 

IT - 

MATCH EACH UNIT ,JN A MAINTENANCE SHOP WITH THE RE^PONSlBILITIf'S OF THE UNIT. 

A repair shop normally consists of an administrative unit, ar> Inspection unit, a prod- 
uction unit, a Supply unit, and the required number of repair units. The specific size of 
these sections depends upon the particular echelon of maintenance. A typical shop organlza- ^ 
tion is shown in figure 4-1. . 
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" * Fig 4-1 , Maintenance shop organization. 

Admin i strative unit . The equipment/maintenance officer, assisted by the equipment/- 
maintenance "chief and the required number of cl.erica} personnel, make up the administrative 
unit. The equipment/maintenance officer is charged with the responsibility of operating and 
supervising the repair shop in the accomplishment of its mission. The duties of the adminis- 
trative' unit ar^to; . ' ^ ■ ' 

' Oirtct and acitiinister shop activities and coordinate the work of Sil 1. personnel . 

issue orders necessary for thej^roper operation and management of the shop, assign 
responsibility, and delegAt?- iRtiorl ty to personnel to insure coordination arjjl ef- 
fective operation of the diffe^ent units^ - ' . . ~- 
^ ^ ^ V ' ■ ^ . 

Keep constantly Informed of the \hop\s operation so that changing wprlfloads can be 
V met. * - M . ^ f 



Maintain close liaison with supported organiiatiort^o thai their maiqten^nce re- 
quirements may., be preplanned ancj schedu'>ed at a rate consistent with the shop's 
produCtioj) capacity. \ 



Inspect incoming equipment records for proper completion, and maintain these re- 
cords v^ile the equipment, is in thtf^repklr sHbp. Th^ Equ;Jpment Repair Order (ERO), 
^ is also inspected for completeness' and 'a^^^uracy of information. 

Inspection un1t > The Inspection unldis part of the acceptance ^phase (fig 4-1) ^nd is 
composed" of teams dffectly responsible to th4 equipment officer. They perform all of the in- 
spection procedures utilized throughout thi *op* Inspection personnel are not assigned pro 
deletion responsibilities since 'this might in^uence their decjsions 
the inspection team are to: ^ 

- i 



The responsibil 1 ties of 



Inspect unserviceable equipment to determine the cost of repair artd the echelon ca- 
pable of this i*€pa1r work* In addition, H>)e inspection teams of the third artd 
fourth, echelon {repair shops 1n$i^ect ^11^ Incortiing unservTceable equipment for proper 
maintenance and records prior to, the^ acceptance of the equipment for repair^ deter- 
^ mine the nature and extent of repairs needed to restore the equipment to service- 
able condition, and make this inforjliatlon known to the production coAtrol and re- 
: pair tinlts^ " y 



eontinyally check all' Vepair work to Insure that approved practlces are being fol- 
lowed and that all completed Items^meet the prescribed repair standards. 

InsurC-thilt work performed complies with the provisions of technical manuals, modi- 
fication ins#uctions, and other directives- 

Insure that all modifications have been performed on the equipment being inspected, 

Inspecl and give final approval to all repaired equipment before it is i^eleased and 
returned to the using unit. 

^ Productlpn control uwit . The production control unit Is the nerve center of the main- 
tenance shpp^^i It is through this unit that the equipment officer controls and acriini sters the 
repair, tjn its, J)\e fgur main functions of the control unit are forecasting, scheduling, rout- 
ing and follow up, the unit ^s under the d1re<;^;superv1s1on of the equipment chief. The. re- 
sponsibilities of the production control unit are tot 

Receive the equipment to be repaired, establish prioHlttes for the work to be per- 
formed, maintain a balanced workload in the shop at all^ times, and return the com- 
pleted work to stock or to ^he us'er, - ' , ' 

Supervise all shop administration functions and^focords, and prepare and transmit • 
all the required reports to the proper ^<>uthor1t1es^. 

Assemble data regarding the effectiveness of shop operations, analyze and evaluate 
it, and recommend to the equipment chief any Indicated improvements. 

Keep the equipment chief Informed at all times of the ste^tus of operations and the 
extent of backlog, * ^ ' 

Repair parts un1t > Since the Marine Corps Integrated Maintenance Management System 
(MIMMS) requires that stock age of parts be minimal, parts requests are generated through the 
ERO Shopping List, Jjeconcll latlon with supply is necessary to ensuM proper, document asslgn- 

p'^hlef is necessary to 



ment and status data Is recorde^ Close coordination with the shop^hief is necessary vy 
enable the scheduling of shop s|^i^e and f^ersonnel Ifc effect repair^s as shopping lists are com- 
pleted. The /^pair parts unit Is also responsible for: . ' ' ' 

Jialntaining IJaison with the orlianizational supply office to insure that the au- * 
thorlzed level of repair parts, tools, test equipment, and end items of equipment 
are on hand or due in, , ' ' 

1* ' ' , 

Receiving parts and operating supplies, and providing proper storage an^ maintain- 
ing records of this material, 

, Coordinating with the production control unit the^ipreplanlling and procurement of 
^ ^ supplies and rep^r parts required for anticipated or scheduled workloads. 

Properly disposing of unserviceable partsj and subassemblies. 

Maintaining adequate tool room^ to conform, with shop conditions and practices, /' 

o y 

InitlatifUj action for »the cancellation of requisitions of items no /longer required, 
and reporting Items that have /been erroneously issued. 

Repaid Unit ^ The repair unit has the responsibility of performing all repSkr opera- 
s in accordance with established standards and approved maintenance practices, >^The equip- 
chief ha!> the direct supervision of this unit. 

The unit U responsible for the accomplishment of the work listed on the 'Equipment 
Repair Ordur (ERO) and on the Work Sheet for Preventive Miilntenance and Technical 
Inspection of Engineer Equipment. H Is also responsible for- repairing additional 
defects or work uncovered which may be required to compTete the j,olK 

The dquipnwrnt^hief ntay be assigned supervisory assistants as the s/:ope and volume 
of wank Increasesj^, Th€^ supervisory assistant Insures that all personnel witWn h1*s 
section comply with Security ani<) safety regulations and the maintenance practices 
and standards of the shop* He kfteps the^equipment chief infDrme*of conditions f 
jjtj^n his irnitv^ees thai a balanced workjoad li^maintalned, and makes sure that / 
the^rtumber of personnel asslgrfed to' his '(inH*1s in direct proportioi^ to his work- ' 
load* 'T^ * : . 



\ 



When the r^PAl*" unit is subdivided Intc sections, the superv1$or of each section Is 
responsible for the work accomplished>'Vl thl^ his section and he sees that any in- 
stru(;t1ons from the equipment chief are carried out. tach section is responsible 
for n5 0«n bpu^ekeeping within it^.^SSlSned ijrea and also for the proper^care and 
usage of the tool s and equipment (jsed by personnel in that section- 

.Within each section the IndlK^ldual mechanic is responsible to his Inmediate super- 
visor for the compliance of Instructions vyith the repair work ^issigned him. He re- 
quests additonal Information from his supervisor when he does not understand work 
procedures* Ht^is individually responsible f0f the proj)er use and care of. \oo]s 
and equipment, and for following established shop rules and regulations. 

EXERCISE: Matching: In the group^of items below (1-5) mat^the shop unit in column 1 with 
the apphjprlate responslbil Ity in column 2. For each item select one letter (a, b, 
S c, d, dr e) indicating your choice, and place it before thf unit. After the exer- 
cise, check your answers with those listed a't the end of this study unit. 



(Jol umn 1 

t 

Unit 

1. Administrative ' ^ 

2. Inspection 
Production Control 

4. Repair parts 

5' • , Repair 



Columrf 2 
Respo nsibil ity 

a. Establish priorities for work to be performed. 

b. Maintain adequate tool rooms. \ 

c. Accomplish the work listed on Equipment Repair 
Orders 

d. Insure that all modifications have been performed,^ 

e. Inspect incoming equipment record for completeness. 



Work Unit 4-4. METHODS OF OPERATION . 

LIST THE THO METHODS OF OPERATION !N A MAINTENANCE SHOP. 

Repair shop oliJerations vary in relation to the size of the unit, the mission^ and the 
echelon of repair authorized. The methods and procedures of operations outlined herein are,^ 
general and can be adapted to any shop with minor changes, 

*f Methods of operation ', 

^]ob method . This involves the repaUiof each item of 'equipment as it becomes un- 
^ serviceable! This Is the type of opertation that is most'conmonly used in organiza- 

-tional and field maintenance shopy Tlie procedures for repairing equipment using 
this meth<>d are as follows: / 



The inspection team makes a thorough inspection of the unserviceable item of 
equipment to determine the nature and extent of repail^s needed/ They insure 
thatvthe using unit has^gprformed the required echelon of maintenance prior to 
' turning the equipment in for repair.. They also Insure that all necessary re- 
cords, forms, etc. accom))any the equipment to the repair unit^and that they are 
in order. * . * ' 

After receipt of the ERO, necessary parts to repair the item are determined 
The ERO and the-.bquipment are cecelved bv the repair unit for the act%ir^ 

cated on the order. " ^ 

I, 

In the event that a major assembly is replaced, the information >1s recorded 
NAVMC 696D (Motor' Vehicle, and Equipment Record Folder). ;The repaired item of 
equipment is then turned over to the inspection unit again for a final Inspec- 
tion. If the inspection team approves the equipment for* release, It is re- 
turnc^ to the user* v / / J 

Productioii line mtfthod . The production line method of repair consists of th^ over- 
haul or complete rebuilding of the same kind Of Items or ofjtems havt/ig some simi- 
larity among them. Thi^ is done' by performing a scheduled set Of operations on all 
items. This method Is primarily used at the depot repair level but may be done at \ 
force maintenance shops. The production^ 1 ine method depends on. the accumulation of 
the same^type of equipment having the same type rfeficl/e^cy to the point where it 
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becomes economically and practically feasible to repair by this method. Repetitive 
.\ operations are grouped and performed In a definite sequen<^(5 at sped fic >shop repair 

statlons.^ The equipment to be repaired Is moved through thfese stationfin order, 
via conveyor belts gr ropblT^ rft^b:* It is disaissembl^ed,. inspected, and rebuilt/ in 
successive step5t Special jigs, racks, and fixtures ^re tised whenever possible to 
reduce handling and accidents, and to decrease t|>e artpunt Qf time spent <?n'the 
actual repair of tb6 Uem. Repair parts are stdckea at every station so that they' 
are readily accessible to' the mechanic. The effectiveness of the production line 
method Is realized when a large quantity of similar items Is run through. 

Pr6cedures . . . * ' 

Preplanning and scheduling . The preplanning and scheduling of operations are based* 
on the workload and availability of repair parts. To determine these .factors, 
close li^lspn with unit supply and other echelons of maintenance ^nust be main- 
tained. Repair parts are controlled j)y the SASSY unit. The using unit has only a 
preexpendeit bii^ (expendable items such as nilts, bolts, filters, fan belts,, etc). A 
list ismade^up by the using unit listing all of the items In the bin. If' any 
other itemsf are present, they muit'be listed on, and backed up by an ERO. Beginning 
with the receipt of the equ^gment .to be repaired, the work is planned so that it 
flows to and through the shop in a continuous and orderly fiishibn, with no delays 
and no backtracking. Information on the initial inqoming Inspection is used to 
predetermine jMSt What parts are needed fgr repair^v Prompt actijyiJs taken to have 
these parts available for repair of the Jtem when the item Is-lXirneJ^over to a re- 
pair section • Repair operations, are* brqjcen down into sectionsj with wh Section 
responsible for certain types of repairs, such as the engine section responsible 
for repair of all^gas anckdiesel engfnes. Jn the assignment of work, full 
advantage is taken of the>k1H^s of the mechanic. Repetition of* operat^ions tends ^ ' 
. to. Increase skill and efficiency of your mechanics. Mechanic:? should be teamfed* 
where and whertever Possible. \A system of transferring equipment from one'section ' 
to another should be\establi Shed so that production control can plan and schedule 
operations with this >n mind. S*M:t1or) fhiefs should SMpervise all repair work In ' 
their secHqn and enter'all laborWd materials expended for 4ach job on the t^epair 
order before transferring the equiWnt tonhe next repair section. 

Shop Practices . ^ These should be coveredWi)y a shop SOP. Working areas and benches 
<^ should b6 kept orderly and free from excess supj^lies* refuse, and unserviceable' ~ 
parts.' Finished work and material destined for salvage or reclamation should be 
,/emoved regularly to el iminatft^ congestion tn^work areas. Work benches and tables > 
. " should be arranged to, permit maximumiaccessibil Ity. Adequate tools and equipjnenf* 

should be made available to the mechanic. .Every effort .should be made to keeft the 
mechanic supplied w»h work* Manuals^ lubrication charts, and any other technical ^ 
references must beyft&de available to the mechanic and should, be used by the person-* 
nel performing th^ repairs^ Every effort ^should be made to improve the workingV 
conditions so that the highest prodii|:,t1on standards cah be maintained. - 

EXERCISE: ^nswfer the foUowing qi^|»t1ans and checlc youK answers a|a1nst those listed at the 
end of this study unit. 

% 1. List the two methods of ^gjeration in a maintenance shop. ^ ^ 



a. 

b. 



2. • H^tlch unit controls repair parts? 



Section III. SHOP LAYOUT 



Work Unit 4-5. ESTABLISHING MAINTENANCE AREAS ' - , . 

LISTJHE TWO TYPES OF MAINTENANCE AREAS. ^ 

STATE WHICH OF THE THREE TYPES OF SERVICING^ AREAS IS THE SAFEST FOR SERVICE ON THE 
UNDERSIDE OF ENGINEER EQUIPMENT,^ 

Repair shops range In size from the small-unit shop*4 for maintenance of organic equip- 
ment to large installations capable of the complete overhaul and rebuild of unserviceable 
equipment. In engineer organizations of company size, the equipment^ of fker operates his re- 
pair shop as a section of the organizationaV equipment .pooV Larger organizations operate 
complete maintenance shops with, a st^ff of military and civilian personnel. The size of the 



shop and the number of shop repair ^ectbns required ts llmUed * by; th> scope ^^^^^^^ . 
ntnce responsibll ities/the shop equipment AMW^zed, and t.he workload. In planning the shgp' 
layout and, operations, considoratloa '1^ given^ to.the typ^ of unit, Its mi^s1on> and-^iU re~ 
sponslbnities. The aMhOrlied echelon of ittdintenante establisTies .the. $qop.^ Qf t^^^^^^^ .. 
Shop equipment and tools' are authorVzed for* orgaTilwtions on the bfsis of their' rfldintQnfce 
responsibilities' Plarfs'/br shop layout and operatic^ are based on the. authprizerf echelon of 
maintenance, the .anliclpaTed type of wonk, thg tactical, situation, -aiid th^. aval Ul>le person-, 
nel, shop tools, and equ^pitient; The fol lowing factprs shOuW .guic^e the locatloA.or relocation, 
of equi,pment'niaint,^na\ice facilities or structqi'^s: 



. Convenience to' supported unit. ^ 



Sufficient; parking and maneuvering area fbr equipment overflow: ahd heAvy irraf^lt 
concentration. ,^ . ' » >' *" , • " . - .*v, 

Protectip^p from Adverse conditions siicli as sandV'do^t, .salt spr^syj chemicaVFtjmeSj 
and wIncJ. '. - v ' ' • - \ . / . 



^ Ceiitrall^z^ed grouping of fe(c41 It ies 

Temporary maintenance areas (fig 4-2) . Locat ion'of ^a repair shop, depends .upon its mis- 
sion, t+te tactical sUiration. ,the avalUbility.of wocfded A'/eadlly camouflaged .arpas, , the 
road' net, ar^d 'the location of using units. , . ' -/) ' ' . * 

.l/iiog units perfc^m.orga^nuatiqnal ma1n,ten^nCe yith 'ass igned^ pecsonnci a»\d organic 
tools and equjpmentv regardless of. their location. ^ v 

In forward areas" of_ a cornbat .?one. force and 'divUion using units, have,tlieir-own . . 

mobile shops and welding equipment. ■' In addition to thefee facilities, all trgops . 

that are not in isolated- Jreas 'ar6 furnished, with direct sufipfbrt engineer- majOfte- • 
- nance from gehferal -purpose, Wobile shops' provided for by tiiird and.fo-yrth qchelon 

•maintenance units, or maintenance tearfts f ronl these uniti may be assigned to them. . 

* .1 »■ ' ' ' ■ ' ■ f - ' ■ ■ w ■ " ' 

*■ - f . , » V •> ■ - ■ . .. . # ^' 

The. equipment maintenance shop' area usually is one of ^onstanj traffic conCefvtra- 
tion. For this re'asoh, provisions' are needed for definite '^ones. wjthln. a sh 
. area; those ibn^s shaOld be designateb for specific purposes that i-nclude: ac- 
cess, l^e^nporary parking, stand parking^for longer periods of time while waiting for 
• / repairs to be doneVor jfo beiresumed* dismantling '$tands>. inspection statloijs', and 
t'&st'' areas." If possible, roadways 'should fonform to demands ,fbr:2*way, tra-fric . 
Turna^^ounds should be provided for the Targffst .piec% of equipment .that is , supported 





If oSA-^V^^:' -^.-.^■■ 





MMN 



. Fig 4-2. v-jTemporary maintenance area-. 



Permane nt mai ntfenapc j" areg (f 1^4-3)'" In CONUS, .ma^intefjance is norinally. p^rfpnn^d in 
f1j<ed locations or shbPS' H^r* agaifl |he facilities ar.e govefn^a'by the mission of the parti- 
cular uni\ and will v«ry \x\ siza and^^esign £0 conform with thfi-worklpad, category i?f m*inte- 
■nanc'fe perforfned, afid typ^',of equipmeiit servif^dr' ^l^^ number- iind si zes%pf entrance* and exits 
relate directly to the equipment typ^s to be ^uppoj'tfell and-the,w«ckloa«l.^ p:|fflensions and corr.- 
struction of doors cr access splices %uld- permit. s^aife.pavs&ge of the largest equipment types 
-to be serviced in tHe shop area. ^eciuS'e workTin an unpi<o"t«cted, Open area ;i|.:'not practical , 



f V -V t(»l*?rUnce of "Sultikb*^ afem'f ^hoiittf t)V>raph^iMy of 'the worMrtg areas should 

,-; not be llnltea ito t*»e out5l4* dl9i*n$loos> <>f t;h0 6<|ui^ size of the 

^ worMx^g should «1lQ«'rOom for,*^^^ c«r^s, 11ne!» ,1 ' 

. . . .fe • .hose,U,9^^ Ror thts.Hason, V 

; ^.l)oua<l4fv^l1fte5 shoul.<t clearly outVke wf>:worl(lM'i^'»^ 

•$g<»5^'vsh0Mld .*e n>«rtetf d.t the 11,m.1Vof;^ t^ctWg^U^^^^^^^^ T f#et from the outside dlinensrorT - • 
. v- . . Qf vm Ut^^t --pi^^ .pf ,«iqulpiii«i»t-:. 8*?Vi<t»d . m--^:^'sb?p spaci^V" center . .tfl^les shouWvVe'wid*-",.;*'.-- • 

enoM^h-.to ;perm1$:tqu1pn!ent.flow thrN)H^^^ . . 

• • Cottcrete floors ifhat j>r(3i seryic;«d t>y: heavy-dUty ruitwayi and Tiroteeted by an efiectl ve ■drafna^je 
> system ^1^)^ r»c<)fin!eh<ted v^here pos jib - ' ■ • • ' ■ " - / ^. J 



•/■I •. 

I I 



*sJW,ll^^ Air* 



'Mbi^ry ... 
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-Toil TifiM^ :i 
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Fjg 4-3. . Permanent inalnteliance area. 



< , se rvicing areas . .In selecting the maintenance facilities, eVther temporary-or per^ » 
manent, an adequate area for establishment of a fuel and lub'ricatlon area must be consjdered. * ^ 
This areli must, be: cl^se enrngh to the central maintenance, area for easy access but far« enough 
■^away so a^ not to become ^potential fire hazard to the maintenance fac 11 1 ties .'/Servicing • 
facilities consist.of refueling equipment, luWe rackS, Gleaning facirities. and iubricatlon- - 
dispensers, and sho,u1d hav^ a ;5ourpe of compressed air. ' . ' 

, ■ . .^irease |)it. "Access to the under sWe of yehlclefe anh equipment Is- necejfary for im- ' 
portant malotenance and repair .work. CoiHtructlon of pit's and ramps 'isitecessary 
■ for the repSir facility to propprly perform it? ifiission. The useof eittier pit Qr 
ramp ^lepends to a degree on what type Qf equiptaert't is" heirfsf serviced. Since mostfi 
• , heav.y equipment 1s several - tons|pr more weight, *a pit would be the safest Ind ' ' " 

^ - fastest method of installation. ^ Pits' should not be less than 4 or 5 feet iJeep, " / 
; since personnel should not be required to work in a stooped or crouched position. " .^ 

11^ .maximum distance 'between guard- curlfihg should be no more- than 42 inches. De- " 
. ^jgn and constru^jtion- of the pit will iwrmailly conforq) to the type of Equipment be-^ " > 
Ing repaired or serviced, -Construction of a typical grease p\l is Illustrated in * ' 
figure 4-4. , • « ^ . . f „ , ' - 
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Fig 4-4* Construction of grease pit. 

Grease rack t Wfiere drainage, ^il , or other consliierations prevent the construe- 
tion of a pit, a grease rack Ian be installed (fig 4-5).' This type of service fa- 
cing should- be used only with light equipment, since there Is a danger of col- 
lapse when dozers or other heavier equipment are driven onto the ,r«S,k. In the 
event that soil conditions will nor support a grease pit, it may b^ecessary to 
construct an earth fiTl on the grouhd level , and build a combination^ rack an(fpit 
(fig 4-6), ^ Dimensions are basically the same" as the grease rack or%it. Only the 
ingenuity of the builder limits the type of construction. 
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Fig 4-5. Construction of a grease rack. 
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Fig 4-6, Cor)5truction oT a rack/pit combinal ion. 
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Fuel storage and dispensing drea . In. the field v/her^ permanent fuet storage ianks 
and disposing pumps are not available, It .is. necessary to draw fuel from drums. 
This is normally done with hand pumps. If the materials are available, elevated * 
drum racks can be constructed and gravUy flow can be used, AIJ fgels artd lubri- 
cants are stored with the bungs and vents positioned below the fuel lev^l. This 
prevents water ^rom cotlecting on top of the drums and preserves the bung gaskets 
by keeping themVet*, Rubber-tired equipment shoul<i not be parked or stored In or 
near fuel storag\aBi» because fuels and lubric^^jits will decompose rutJbeV- Three 
important considerations In refulling (aside from using the right fuel) are safety, 
cleanlirtess, and time. Cleanliness of fuels In tode^y's modern internal-combustion 
engines IS f prerequisite .for efficient Engine performance. Gasoline engines re- 
quire^an fuel to prevent clogging, and fouling of f&el lines/and carburetor jets 
and passages, Djesel engines t^equire clean fuel not Only to di^he engine, but it 
rs also used to lubricate these moving parts. In this respectl ▼!! possible pre- 
cautions to prevent the entrance of dirt and dust particles a^ the contamination 
of the fuel with water should be- taken. From the standpoint of safety, there shall 
be no exception to these rules: 

RefueVIng any type of equipment* with liquid fuel whtle the*engine Is running is 
proh-ibited. 



^^okUg or Ihe existence of open flames on or'lr^the vicinity of the fueling/^ 
storage area is prohibited. - : ^ 

t ■ *■ ^ 

"5 Standard safety cans shall be used whenever gaSoline. diesel, or aoy' volatile 

liquids are being tt-eyisported to equipment In containers of 5 gallons' or less. 
Fueling of any equipment in the maintenance shop is dangerous and sliOuld be 
prohibited. . ■ 

If time is a 1 imitihg .factor and -it is more convenient to refuel on the job rather than 
secure a piece of equipment and send .it back to the pool, it can be refueled on the job by a 
refueler. Keep in mind the safety factors and cleanliness of the fueling operation. 

• Repair stalls. Repair areas where the equipment and components are- removed, disa»- 

sembled, ijtepaired, and reassembled or replaced are usually detemined by the mission and size 
of the unit arid -its workload. These stalls should be of sufficient area to permit ample park- 
ing space for equipment undergoing repairs and to ^llow working spac^ for the mechanics. Each 
area shou.Td have a diptank for cleaning p^rts. These can be constructed from empty 55-gahon' 
drums cut horizontally. Only approved cleaning solvents should be. used. DO NOT* USE GAS- 
OLINE. The repair stall Should be equipped with a bench 'Jtnd bench vise', sufficient electrical ^ 
outlets for the use |f power handtools, a suitable storage space for handtools, and a sourcV-^ 
of Compressed air, ^ch area should have a minimum of four safety floor stands and* One 10-ton 
hydraulic floor jack. %-vOther special tools and equipment, such as bench grinders, drill pres- 
ses* and hydraulic arbor presses should be conveniently located so as to be avalTable for use 
by 111 hands, Common hardware items can be deposited in centrally located "lazy sJsan" ty6e 
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cIrOe bins or specially constructed wooden box bins* Repair stalls must be well lighted and 
ventilated- In the event that there is no exhaust evacuation system, flexible steel piping or 
rubber heatei- duct hose can/be utilised f.or the exhaust fumes.* If a shop struck is organic 
equipment, it should be located so that it is accessible to the iweeHanics. When ^ize and 
ability of vehicle l^o maneuver make \t necessary to perform repair functions outside the 
shop, facilities and temporary shelters^are provided. . ' 

Off ice layout ^ In general, smalT shops require office space only for the equipment of- 
ficer, the equipment chief, and the shop -clerk. In a ^mall shop, functions of supervision, 
production control, inspection, and management are frequently exercised, by one or two per-^ 
sons In larger shops, each of these functions may requiVe the full-time efforts of one or , 
more persons- Regardless of size, provision Is made in the office layout for all of the , func- 
tions of management, such as: receiving and inspecting all equipment coming to the shop for 
repair," preparing repair orders, supervising the shop activities, and maintaining^the required 
records and reports. Repair Jobs are assigned through the office and final release is made 
through the office after final inspection has been completed. Because tWs office makes ini- 
tial and final contact with repair requirements, it is located at or near the ehtrance of the 

.ShoR or equipment pool are^. , 
lift ^ ' 

EXERCISE: Answer the fol lowing questions .and check your answers against those listed at the 
end of this study unit. 



1. list the two types, of maintenance areas. 



a. 
b. 



2. State which of three types of servicing areas is the safest for service. on thfe 
/\ ^ underside of engineer equipment. * % 1^ j 



.W()^k Unit 4-6, SPECIAL TOOLS ANt) EQUIPMENT , - ' 

STATE WHERE SPECIAL TOOLS AND EQUIPMENT SHOULD BE PLACED IN A MAINTENANCE SHOP. 

• In a maintenance shop set up for repairing all types of equipment, you w11> coordinate 
andfllhervise the work of gasoline and diesel engine mechanics.. The layout^of the shcfp and 
the i>lacem(fnt of Ihe equipment should receive considerable study. Thi? is where experience in 
all types of repair jobs is valuable. You should know where the repair equipment is needed 
and 'where it is accessible to the men who will use- it. Without proper care and forethought, 
considerable space will be wasted. In addition.- inuch timAmay be lost in shifting equipment 
from'one place to another. Where shop space is a factor, "Specific repair equipment is ar- 
ranged in departments separated from the main shop areas or placed In smaller adjoining shops 



or rooms. 



■ Speci al equipment . Power tools such as drill presses, arbor presses, and bench grin- 
ders commonly used in r;epa1r1n9 equipment should be located at or rtear the workbenches in .the 
main shop areas. Ttie location of other power tools, such as hydraulic lifts and lathes de- 
pends on'how often these tools are used in the shop. ' In placing power tools, secore the. leg^ 
or base to a level surface and make sure that they will not move or bounce when in use. Be- 
fore connecting. stationary, electrically operated tools to power outlets, be sure thU each 
one Is positioned, so that the starting and stopping switch is wi.thin easy reach. When the in- 
stallation is CQtnpleted, try the tools to insure that they are safe. Let your men operate 
them and consider apy suggestion they may have for Improvements. These dpuble checks often 
reveal errors in an Installation whichmay affect the efficiency as well as the ;^afety of the 
maintenance shop as a whole. The master switch that controls all of the power in the shop 
area should be installed where it can "be reached inju|> emergency. Mobile machine shops are 
provided to engineer field ntaintenance, units and soiiW engineer operational units. These mo- 
bile shops are. completed units in which tools and eqJipment are provided for most of the ma- 
•chlne operations required for majntenance work. If I mobile machine shop is not organic 
'Equipment, or if It-must be supplemented with additional equipment, floor space for each^ ma- 
chine and an adequate working area around it are required for the machinists and fgr the mate- 
Vial being repaired or fabricated. Tool cabinets are provided fof machine tools and attach- 
rttents Much of the work accomplished in the ntachine shop Is of 'an exacting nature, and fln- 
i^ed product^ are held to close tolerance^. Adequate .lighting is^a must so that the worker 
maV meet the high standard of quality that IS demanded'. A workbench with. vise Is required for 
firing, polishing, and other such jobs. 
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V ^ Welding equifttnent . Welding' equipment used inside the shop area must be separated from 
.the main shop i^rea. Ronlr.1 ammaj)! e screens or shields shpuld be provided to eliminate fire haz- 
Vards apd injury to personnel/ Welding stalls are enclosed to prevent glare andM/ijurlous rays 
;!of welding operations from interfering w<th other workmen. In casesswhere equipment cannot be 
amoved tp the welding ^hop, the welder must go to the equipment. Transportable screens are 
;^used ta enclose the work and protect other nearby personnel. All precautions must be taken to 
protect unshielded eyes from glare and hot slag parti clesi.. Adequate ventilation of the 
welding shdp is a must and- should be provided, 



Air compressor . Before deciding where to place the air (>Mipressor, consider the uses 
Have for it and where air outlets .would be most Convenient., The compressor will have to 
provide air for operating pneumatic power tools and for cleaning parts. By keeping. compressor 
lines short, with minimum bends, you can prevent pressure drop at Ihe air outlets. Short 
lines do nat collect water as much as long lines ahd they are less likely to freeze in 
cold weather. If long lines are necessary and are Used, Install serveral condensation traps 
and drain them frequently. If the shop Is a large* one, it would be advisable to have more 
than one compressor. 

Dattery-gharging equipment . This is definitely a "must have" operation for any mainte- 
"^"C^ facility, regardless of sizd. The battery, room must be in a well=iyentn ated section of 
the shop and, if at all possible, it should be in a separate build%. The fumes from a 
charging battery are poijorfous and highly flammable. If possible, locate an exhaust fan in 
the area of the battery charger. The battery room, should have running water and an adequate 
supply of a baking soda solution mixed' and readily available for instant ttse. Protective 
clothing will be worn at all times, and smoking in the area is prohibited. 

EXERCISE: Answer the following questions and check your" answers against those listed at the 
end of thjl^ study unit. ' . 

1. State where special tools and equipment should be placed In a maintenance shop. 

r™ — — ' . 

2. Why should stalls be used in a wqlding shop? 

a. So outsiders cannot see what you are doing *> * * 

b. So glare and Injurious rays will not affect others \ 

c. So you wiU not be distracted while w.elding 

d. To block out sunlight " 

3. What advantage do short air compressor lines 4iave over long ones? 



4. Which of the following should be practiced In a battery charging room? 

i» a. Smoking In work area * ^ < ^ 

b. Work in a closed in area - i . 

, Charge batteries with caps on 

d* Wear protective clO'thing . * 

Work Unit 4-7. HEAT, LIGHTING. AND VENTILATION , • ' 

STATE WHICH FACTOR QETERMINES WHETHER OR NOT YOU HEAT YOUR SHOP. ' 

STATE HOW TO REMOVE EXHAUST GASES UROM THE OVERHEAD OF A MAINTENANCE SHOP. 

Heat, lighting, and ventilation for larger permanent maintenance shop facilities are 
Jdicluded in plan specifications. However, installations of these facilities in the small or 
temporary shop will depend upon the individual In charge of the ^hop. \^ 

^ Heat ; Whether or not you heat your shop depends upon the geographica^L location. Heat- 
ers should be arranged to provide warmth where it is most needed. Persons ilfirking at benches 
require more lieat than men working in the main shop area for comparatively short periods. For 
this reason, he'aters are placed in corners convenient to workbenches and away from shop doors. 
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Light* For proper lighting, most malnteniince shops depend on'Mahts arranged -In the 
ov.erheatrflr~the main shop area, lights and vyindows neac workbem:hes, and ex tension or drop 
lights w*i1ch cMk plugged into electrical autlets. Wheh you are in^'charge of getting. ujk a 
shop, make^ure tmk enough outlets are provided* for extenslorr^ Ights ar|d electric power ■ 
tools^ Only the most elaborate sl>ops h5»ye enough windows for efHclent lighting. 

Ventilation . Removing exhaust gases becomes a big problem In every maintenance shop. 
Large doors In the front and rear of the shoV and windows at the work benches will nomially 
supply all the fresh air needed, but even these are 4nadeauate to remove excessive, aino^uhts Of ( 
exhaust gases. These gases r1i« and are trapped In the shop overhead unless ventilating fans - 
with roof openings are provided,* Normally tins' up to'the supervisor of a temporary shop tq 
provide his own method af ventilation. A piece of flexible s.t:Qpl^"oV ne6prene hose attachexl ^ 
the'exhaus't 'oT'a running ermine and (iarrfed \hrough an openipg 1n^ the bijlldlnjj will' serve the • 
purpose. Do not allow any unnecessary operation of engines In'SId^ the snop, ' When $tat16nary 
gasoline or diesel engines are used to supply or produce power 1n the maintenance area, pro- 
vide exhausts for them, Do not depend upon natural ventilation through shop doors or windows. 

EXERCISE':; Answer the following questions and check your answers against those vllsted at the " 
end of this study unit. - ^ <• 

J. State which factor determines whether or not you heat your sht^p, / ^ 



2. State f)Qw to remove exha>^t gases from the overhead of a maintenance shop. 




SUMMARY REVIEW . 

In the preceding work unitsyou have learned the categories of maintenance and the 
echelons of maintenance within each category. ' You have also learned how to organize and lay 
out temporary and permanent maintenance shops. You have learned the responsibilities^ for each 
unit within the mainterlance shop organization. Two methods of operation, which can be a*ap^ted 
to any^malntenance shop, were -described for^ou- You learned w>tere to set up speclaV tooH « 
and equipment for maximum use within the maintenance area. * ^ 
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Answers to Stddy Unf t'l4*Exer9lsei ' \ * - . ' * 

Work Uni t 4-1. . " ' ' ' ' ' ^ ' - . 

1. Maintenance is the action taken to ^reta^n. fn^teri^^il in, or. restore material 
serviceable coadltion, ' *_ . ; . 

2. a. TJhg^inizational * 

* 5. J^n.tenncjdiate ' . ' 

1 cr Depot ' • ' ' , . \ - 

3. ^. OrgSmtzatioruil , 'If t and 2nd » ( ' \ * ^ - - 
b*' I n tested i ate, 3rd and ' , ^ • ' . 

Depot, *5th > ' r ' " ./ V ■ 

Work Unit 4-2'. ' 



1. To nf^intain iengfneerl|quipment'or restore it'or a, servii^eable condition. 

2. supervisory ' 

3. b. Equipment officer 

4. A good dll-roijpd mechanic 

Work Unit 4-3f. " . 



1, 

2/ 

3. 

4. 

5. 



e. 
d. 
a. 
b. 
c. 



Work Unit .4-'4. 

1. a. Job method ^ 

b. Production line method 

2. S/«SY Unit. 

Work Unit 4-5. 



1. a* Temporary 
b.^ Permanent 

2. ' A grease pit. 

Work Unit 4-6. 



„ 1. At or near the workbenches in the majn work ar«a. 
2, b. So glare and injurious rays will not affect others 
3r'%.They dpn't c^ollect as much water. 
4. d.^^^Wear protective clothing * 

Work Unit 4-7. ^ 

K ^Geographical location. ^ 

2.. By the use of venti'lation fans »1th roof -openings v 
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STUDY UNIT 5 . 
SUPPORT FUNCTIONS 



STUDY j;UNlT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU WILL BE 
ABLE TO ^bl ST » THE PERSON(S) RE^NSIBLE FOR^-OIFFERENT FUNCTIONS OF ENGINEER EQUIP- 
M^HT OPEIWHONS, - XC« WILL "BE ABLE Ttf LISTIouR CATEGORIES OF PUBL1CATI0MS USED FOR 

-EtiGlNEER MAINTE}iANl;E. YOU^WILL BE ABtE TO LIST THR^E BASl,C OPERATIONS THAT MAKE UP 

oTHE SUPPLY CYCLE. . . • - ' - » ' 



Section J, ENGINEER SUPPORT 



Work Unit 5-1. 



RESPONSIBILITIES 



t . LIST THE PERSON(S) RESPONSIBLE FOR THE ADMINISTRATION AND CONTROL OF SUPPLIES AND 

EQUIPMENT D^'aKeNGINEER SHOP. • > ^ 

NAME THE PERSON RESPONSIBLE ,FOR THE PROPER USE OF All ITEM OF ENGI^JEER EQUIPMENT. 

NAME THE 'PERSON RESPONSIBLE FOR PERFORMING THE ECHELONS OF MAINTENANCE ASSIGNED TO 
AN ORGANIZATION. ^ 

Adtiilnl strati on and control . AlT personnel from the Commandant *to the newest recruit 
are responsible for the proper use and maintenance of supplies and equipment. Although the 
administration and control vare the responsibility of your^*' seniors, you are respon$,1ble to 
them. The equipment or maintenance officer is the unit commander's technical representative. 
He provides technical guidance for the commander and controls the personnel in his iln1^« .He 
Is responsible to the^ commander for actions of the pe»;sonnel he controls. You are the techni- 
cal representative of your maintenance officer or equipment officer. You are responsible to 
him for your actions and for giving h1i\ as much technical assistance as possible. You. are re- 
sponsible for the proper use and maintenance of the publications and formSV'and for pntearing 
-all assignments to the best of* your ability. You will*^''prov1de assistance and supervision to 
insure success of the mission. The Information frbm these reports and records will be used to. 
plan, schedule, control, and supjarvise equipment operation and maintenance. This^ information, 
will -be compiled and passed on so that the budget can be computed and supplies can be ob- 
tained. Directives and other publications are used to guide a(tministrative and control re- 
sponsibilities. / 

Operational . The ope^tor is assigned an item of equipment and is responsible for its 
proper "use? HFTnows its capabilities and limitations and should strive to Improve operating 
tec[iniques "so that maximum efficiency can be obtained'without misuse or* abu^e. He knows^the 
number of hours that the equipment has ibeen operated and is re^ponsfble for performing his 
fi^st/ echelon maintenance and recordlngxhe information required on the proper forms. He is 
the one .that usually detects malfunctions.' The operator is responsible for reporting malfunc- 
tions to the dispatcher and .the equipment chief and recording them on the proper forms* When 
properly completed, the forms used by the operator are turned in to *the dispatcher to be used 
to complete administrative records. 

Marintenance . The •-equipment mechanic Is responsi ble for performirtg the echelons of 
maintenance assigned to his organization. ,He will assist the operator, when needed, with 
first echelon maintenance. He Is responsible for reporting misuse, abuse*, or lack of main- 
tenance to equipment and supplies. Ite is Vesponsfble for reporting and recording the supplies 
used to maintain or repair an item W equipment. Publications are provided* to guide him in 
the maintenance and repair of equipment and^the recording of required- information, 

EXERCISE; Arlswer the following questil)ns and check your answers agattist those listed at the 
end of.thi^j study unit. , . ^ 

\ 

1. Name the person(s) responsible for the administration and control of supplies and 
equipment' in an engineer shop. ^ 

3. .Who is responsible for performing the echelons of nnaintenance rfsTigned to an or- 
garti 2 a ti on"? ' ^ _u \J 
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Work Unit 5-2. "\uBL I CATIONS 




ST THE FOUR CATEGORIES OF PUBLICATIONS USED 

are many pages of pr>1nte(Ji^.atter, bpth 
Some are. law and some are to be used as 
Ferentlcategorles Sind may be located In different 
booH^manua1s» nianual or letter^typ^ directfi ve$d 



OR ENGINEER MAINTENANO:. 




rci^l Uw^^i 1 Itary,; to adCi5TTand 
only. . PuBljcati,on;$.fan into dif- 
^j^our bf^anlzallon. They include 
ort*$, and other such Items. 

Marine Corps Ohder P5600.31 , Marine Corps^uWPSt-lons ^«)(J. Printing Regulations ' 
governs the printing and controlvoT Marine Corps publications. -SEtNAVINST (Seci^etary of the 
•Navy InStruetions) 5210. 11\ is the N4vy-Mar1ne Cprps Standard Subject Classification System 
for documents, Th^se are numerical .classlflcati^'n^codes such. as: -iOOO-serles, Operation and* 
Readiness; 4000 series, Logis4:1«s; 5006 series/ Ger>er a 1 Adlnihistratl^e and' Management; 7000 
series, Financial Management; 4nd the 10000 series, \t!kner^al Ratejri^al. They pertain to the 
subjects with which the supply and maintenance per^^ftgn} V^re, mbstily concerned- The publi- ' 
cations which pertain to the mechanic are* u$ua*11y lotaxed^i^ft'^the nialntenance office. However, 
some units may use the coippany officer or th^ supply $eg-t1o^n ^as the tecjinical library. The use 
of an up-to-date publication th^at has aVl tha latest :jcrha;ige«^ Is J-ust^%important as using the 
correct publication or vehicle part. Check' thelpubl1cation :(jate, changes and their ti^tes, and 
the. letter of promulgation. These items will indicate the ^curacy of the publication and^lts 
purpose. 'Publication changes should be recorded on tKe page provided near the f^ont df the 
manual . . ' ^ * , * . ^ - - a 



Marine Corps Supply Manual (MCQ P4400/19 ). Thjs is a 



w 5-volume publication that out-- 

lines the responsibilities of supply and m^i/iteoc^nce personttel- It contains general instruc- 
tions that govern' the allocation of funds for proCurir\g new equipment and supplies. This, pub- 
lication Is one source of Information that wil-1 assist you in. keeping records, turning in ex- 
cess spares or equipment, and turning in recoverable items..; The complete set (all volumes) is 
• usually maintained in the battali/)n supply office. ^ 

Marine Corps orders (MCO's)> These directives are prjnted in manual' or' letter-type 
form. They are of a continuing nature arvd contain the specific information needed to carry' 
out som^ particular ipst/uctions. They are reviewed periodically to redtjce the possibjlity of 
conflicting instructions and to insure that they are applicable and appropriate. A listing of 
effective' Nftrine Corps orders is 'distributed quartep^y so that jlsing units can inven^cy^y their 
directives. They are usually filed in the company office under the numerical subjectVclassi - 
f ication system. \ 

M^rine^ Corps bullet ins, (MCB's)./ These letters are printed in letter-type form and have 
the same force eis a Marine Corps o/*der. They are primarily informative or temporary in 
authority* Bulletins will include a self-cancellation date. Instructions contained in a bul- 
letin should be followed carefully because they may be cancelled before they have been com- V 
pletely carried out. For example, if you received a bulletin that instructs you to turn in 
all excess tools during the month of June,, do so at^that time or you will not have a reTference 
for your action and supply can refuse to accept the excess tools. Bulletins are usually filed 
in the same location and under the same system as Marine Corps orders. „ 

Technical publications . Technical manuals* stock lists publications, T/0*s, T/E's, 
TAM's, and special orders are only *a few of the technical publications that are not listed 
under the Marine Corps directive system. Inf ormatlpn^concerning the Marine Corps' technical 
publications system is found in Marine. Cof^ps order (MCQ) 521,5,14 series. A listing of au- 
^thorized supply and mai^ptenance technical publ iaations is the stock list (SL) -1-2. Technical 
^ publications. are to be 'maintained in a central location that will best ser^ve all technicians, 
usually thd equipment office and/or supply settion.- From these publications you can fi;j4.the 
ansv^ers to your operation, maintenance, and supply oiuesjbions. ^ * , . X 

Technical manual (TM) . A technical manual contains informatl'crtn, instructions, and 
procedures of a permanent nature pertaining to^ the operatioa, maintenance, and 
handling of equipment. Some manuals pert^ln^to equipment or equipment components 
in general, while others pertain to a specific Item of equipment or a component^ 
General TM*s pertain to a group or a, class of equipment or equipment components and 
are general jn scope and coverage. They cover subjects such as Detroit diesel en- 
gines rather* than a specific item such^as Detrgit diesel engine 3-71 series. They 

* are identified by a number that consists of threfi elements: the first element is 
the' designator, technical manual (TM)*^the second element ,is the grpup or class 
number, a 4-dig1t Federal Classification number; arvd the third element is a point 
number, indicating the sequence of the manual published under that subject. The 

• third element may v also contain numbers which indicate^^tlie eche'lon to y/hjch it 

• applies. ^1 
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For example, TM-47QO-15/1 Tactical Equipment Records P^focedures has the basic 
3-element numbers under the iUbject^cla5sTflcatt<)n System. rfie~f1rst element tTM) 
Is the publ 1catton*^des1gniJtor 'for ^he technical manual , the second element Is the 
$ubject classification number (4700) pertaining to tactical equlpment^records. The 
third element (15) 'Indicates that th§ pyblicaitlQn appl1^§ to dll echelons jThrst 
through fifth, The' /I Indicates that this Is the first publication. Other general- 

Subllcatlons such as technical Instructlpns (TTs) are >iumber€^ In, the samejuanner, 
ut contain additional numerals followed by a /, prior to the sequence numljer In 
the third element. These manuals refer to the echelons to which the Instructions 
■within the publ1(?at1on apply. For example, TI-6115U5/1 is the technical instruc- 
tion (TI) for engine gener*ators. ^The 6115 Is the Federal supply classification 
number for engine generators; 61 'is the^Pederal group, and 15.1* the class. It 
first through fifth echelon, and it is tW first publication under this subject • 
number (15/1). Department of the Am^y pubJ ication^ used by the Marine Corps do not 
f«Jlow<th1s numbering system. ^ 
<» 

Specific . Publications pertaining to individual items of equipment or specific 
components use three element numbers. The first element is the deslgyjator and the 
second element is a 5-digit basic publication ID (item designator) nSKber which has\ 
been assigned Jto that item. The third element is a 2-digit number which Indicates 
the ech^Ton of maintenance to which the information applies. For example, 
TM-7542A-12 is a technical manual for the Case. MC 1150 Scoojj.ljoader .and Covers ' 
information pertalnljig to echelons, first through second, Tjfiis is listed in the 
TAM by TAM number B-2463 and ID number 7542A. The letter A* ih the second element 
7542A indicates that the tM pertains to the Case MC 1160-Scooploader procured under 
that contract. ^ , ■ ^ ' ^ 

Lubrication Instructions (LI*s) . Speci'fic information pertaining to the servicing, 
'lubrication, dnd related preventive maintenance procedures for a specific item of 
equipment are covered in the LI, often called" the^ lube 6rder'(L0). The' LI will 
have a drawingjjyof the 'item is ho wing the location of the check point and the time 
intj^rval. It will show the types and quantities of lubricants for the different 
points. On some lubrication Instructions the r^pba^ of fittings usfed to lubricate 
a specific component is* also shown. The lubricldtlon instructio?^nd the 
lubrication chart In the TM are almost Identical', but the LI will most likely 
contain the latest changes. 

» ■ 

Modi fica tion instr uctions (Mi's)* Instructions which authorize or direct 
modifications of equlpmeirt and furnish the technical Instructions on how to make 
them are contained In MTs. the MI is usually the type Instruction and , 
authorization received after submitting an Unsatisfactory Equipment Report. They 
are numbered by either the general or specific numbering system; the same as 
described for TM's. An MI will include the following 'Information: ^ 

Modification to be made. ^ 

How to make the change. • ^ 

e 

Materials required and those to be discarded. 

MOS required to perform the modifi«t1on. 

Time required to complete the modification. 

Where the change will be recorded. 

The engineer eqMpment mechanic is responsible for making those modifications 
wtfhin his echelon* He will review the Ml f^leV»^1or to servicing* performing 
scheduled maintenance or repair tOjJnsure that the changes and modintrations are 
inci uded. 
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Technical instructions (TI) . Technical advice or information pertaining to 
equipment will be furnlshejl' from time to time in technical instructions; A TI may 
be numbered by the subject classifica tion code, the Federal group classification , 
or the specific item designator . (See above f or exampl es . ) Some TI's will cpntain 
instructions ^or makliig minor modifications. — \ 



EXERCISE- Answer the following questions and check your answer's against those listed at the* 
^ ' end of fhis Study unit. • _ 

1. List the 'four categories^^of publications used for engineer maintenance. 



^ a. 



. c. 



2.*^ Under which category do TM**s fall?^ 



* 3.' Instructions which authorize modifications of equipment atnl furnish the technical 

instructions on how to make them ape contained in ' ^ ■ 

Work Unit 5-3. RECORDS", FORMS, AND REPORTS , , 

STATE WHERE ^GINEER RECORDS, FORMS. AND R&POl^TS SHOULD BE LOcAeD. , 

. Adm inistrative . Engineer equipment records and forms are maintained by the 
a(tiTin1 strati ve unit.^ This unit consists of v*^he equipment officer, equipment chief, 
dispatcher, and clerical' personnel. Th^ rec.prds are used to^ plan, control,' and dispatch 
equipment; schedule- maintenance; and r«or|j equipment age, fuel consumption, and mileage; 
These recprds and forms fall into the category of admlnstration and control* Some of the 
information required for the a(taini strati on and control unit is obtained from the operational 
and maintenance records (records completed by the operator and the mechanic). The records, 
fonns^ and reports found in TM 4700-15/1 are maintained by the equipment section in accordance 
jfiith Instructions contained in Marine Corps orders and publications. If niore coverage is ^ 
desired, Mt can be found in the MCTcOurse 13.42 Enginee r Forms tn d Records. ) 

EXERCISE: Answer the following questions and check your answers against tho^llsted at the 
^ end of this study unit. 

1. State where engineer records, forms, andyeports should be located. 

— : lL_/__ 



. 2. Thece records and form^ cannot be used to schedule mai n:tgnance. 



a. 



True ^ . ' • • b. False" 



Work Unit.5-4. INV^|^|I€3?AND INSPECTIONS ^ , 

' Estate' Howi|ipf^ should be conducted. \ 

DEFINE THE PURPOSE OF AN INSPECTION. 

Si nce^ the requirements for storage areas will vary greatly between organic units, nQ . 
attempt;, is made to assodi'^ate specific requirements for a particular organization. Every 
organization maintains at least a limited amount of material for its own use, or possibly for 
issue to using units which it supports. In the FMF, mount-out stocks must be maintained in a • 
slate of readiness for deployment on short notice. At post and station activities, storage 
conditions are probably more stable, and more permanent storage provisions are established. 
.The same general requirements for control, inspection, storage, and protection of supplies 
apply, to all units. The- following information applies to all units. 

Inventories . A complete physical inventory of all items of supply is required at least 
once each fiscal year."" At t>i1s time, property control records are compared with actual 
quantities of items on hand, and the necessary adjustments are made to account Yor any 
differences. 

Inventory at the responsible leyeV . At the responsible unit property^ officer 
level, custody cards and inf^ormal property records provide the basis for the 
inventory. The inventory officer may be the responsible unit property officer, the 
• .supply/pi>toerty control officer, or any other officer designated by the commanding 
. officer, ^ter all items have been inventoried, quantity adjustments for items 
^ maintained on Informal property records are processedjby the i^espohsible officer. 

Adjustments for items on custody record cards must be reported to the 
' supply/property control officer. , 
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Iftventory at the supply/property control Ice level . At the same time the ' 
iftventory js'held at tne responsible officer level, a complete .inventory of all 
items on han(f*is conducted at the supply/property control office storeroom. This 
inventory is 9enerally conducted under the control of the supply/property control 
officer and includes a verif idation ^f the unit prices, mathematical accuracy^ and 
Completeness of property records. 

Adjustin g property ^control ^records . Upon completion^of the inventory art the 
re$;ponsiple and supply/property control office levels, all reports of shortages or 
^ ■ overages are reviewed by the supply/property control officer. Upon completion of ' 

this review* appropriate action is Uken. Wheh. aU adjustments have been prepared, 
^' ' approved, and posted, the- property control records are stamped or annotated to 

/ 4 indicate INVENTORY (date).; The supply/property control officer notifies: the 
con^anding officer, in writing, that \Mp inventory has been completed, and 
furnishes the results. ^ 

r ^ . 

inspections^ The. purpose of conducting inspections will vary with'the type of 
inspeftioHji^nd the person desiring that the inspection b^made. I/ispeclions are generally 
cl>ndu<?ted to determine and evaluate the supply and maintenance perfonnance of a unit or ^ 
H^rganizatidn. This may be done by e^tther. conducting planned, systematic physical inspections 
or reviewing and evalii2|ting reports that are prepared Internally. To\be most effectiye, 
'inspections shoyld^be planned, scheduled, and Conducted bv qualified personnel on a continuing 
basis. Organization^al inspections are a command responsibility and will be scheduled and ' 
preplanned to cover the entire supply atid maintenance *area. This does not, or . should not. 
Prevent subordinate urrtts within the organization from conducting internal, limited, or spot 
inspections, to dfterminfe where deficiencies exist. IjLhAt was satisfactory l^ist month may not - 
.be this month. Inspections should serve two purposes^ to .discover and adv.ise the unit 
Connnander .of thojse conditions that require correctipns as well as arf overal l estimate of the 
unit'? fterfonnalVce and to correct whatever deficiencies have been discovered before they 
jietonie or create major problems. > 

EXERCISf: Answer the following tjuestions. and check your answer.s against those listed at the 
end of this* study unit. . ' ^ 

1. ^How often should inventories be conducted? 
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2, Define the purpose of an irtspectlon. 



Section 1 1. SDPPLY SUPPORT , • 

Work Unit 5-5.' MATERIAL CONTROL * L ' 

DEFINE THE TERM SASSY. 

LISTTHE THREE BASIC OPERATIONS THAT MAKE UP THE SUPPLY CYCLE. . 

1; ^ 

Purpose > The, support of|ntodern-day armies is a worldwide operation-involving billions 
of doUlirs and thousands of indiy^iduals.- The Marine Corps, because of its size, has always 
attempted to keep the number of p(|rsons <tirectly engaged In Supply operations to a- minimum. 
To handle the increasing demands ob mate^al Control , Hiajor steps have be^n taken to^MKhanize 
m^^ny routine supply operations, particularly, in data collection and reporting. Thi^Bp 
mechanization j^ovides a rapid means of gathering the 'information needed to IntelligWtly 
decide what i.atts are fieeded, where, when, and in what amount. The availability and Condition* 
of equipment wJnch is us?d for training must be maintained in a ready condition for combat. 
The availability of repair parts are of direct concern to those responsible for supply support 
in the Marine Corps. , The what, where, when, and in what amount ^regarding these items can only 
be obtained from one ^source, the user. Only he knows the preserit condition of his equipment. 
From this information he ordtrs the replacement parts accordingly. It is on this basis that 
the supply system provides supply support* - Regardless of supply support plans, supply support 
depend^ on ttte efficiency and accuracy of the men who perform In the supply field at the using 
or organic sup(^ly level. To insure that all units perform their supply responsibilities in 
the same manne»*, certain, standards and procedures have been established* Takenr together, -tt^ey 
are referred to as organic property control. Effective performance of property control 
functions will provide the valid information required by a commander to intelligently 
determirte hif ability. or capability to perform ttie mission of the unit. On the other, hand, 
the improper p^formanceol^ these functions, may. greatly affect^ the material or financial ^ 
position of other units; pr organization^- It can aJsb lead to waste, unnecessary overages, 
and shortages of supplies. - • 
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Supported A ct Ivjtigy Supply System (S_/\S_SY). this system Is .novM used by, and work<; • 
directly for* the oPeratingLfdrjces. biittiillons, squadrons, and sepa,rate companies of the FMF. 
SASSY centralizes accounting an^record keeping. ManuaKreporting I5 reduced primarily to 
transaction reporting.- The conc"ept o^". SASSY revolves arouncl the daily or periodic transaction 
>refK)rt1ng between thpHiSing unit and Ihe SASSY Management Unit (SMU). More coverage may bo 
obtained. by enrolling In MCT^cfturse, 30. 9/ SASSY : Orgcinic Procedures . 

' ""^ 

Pro perty oontrol 1p Fl^et Marine* Force units.' Th^^nlssloh of the FMF requires that. a 
hiqhdegr^ of readiness be maintained at all times so that any assignment can be ,acc6mpl ished 
with maximum «fficrency. Unit commanders v^ill exercise their comiDand responsibility regarding 
the supply function when they strictly enforce control of items based on established 
al lowances. . • ^ ' ^ . 

Each Marine air group, battalion, separate con^Pany, battery, and squadron, has a 
pr(5pferty account and is administered as a supply element. Material required by 
S4ibord1aate units, that is, company within the battalion or platoon within the 
xompany, is accounted for on property records arid dusto^y cards prepared and 
maintained by the supply element, i . . 

• . *■ 

Stock records management and property control administration are usual l y del egated n 
by the commanding officer to. t>ie supply oificer. This officer is then T^Tpired to 
perform tHe technical duties Involved In tKe 'determination of reailirements; * : 
requisitioning; and the receipt, storage, issue, accounting for, and disposal^of - 
material. The degree of effectiveness of any FMF unit is directly relat&d to'^the 
efficiency of its stipply perfor.mance. The performance of a unit may well rest on 
Vhow well suppl^^ does its job. . ... 

The supply cycle. Tlie functions of supply are many and Varied. They may be divided 
into three basic operations which together make up what is known as the supply c^ole: 
determination of requirements, procurement, and distribution. These three aperations ^are not 
separate functions but are interrelated. If one of these functions is missing from the cycle, 
there is little justification for the other two. There is no point in determining the items 
you need and then procuring them if you do ^not know Jiow you ar^ going to handle them \>/hen they^ 
are received. You may have trouble distributing material to using units if you do not know 
how to obtain it, * , ^ 

Determina tion of requirements. Of the' three supply operations, probably, the most 
important is the determination of "requirements . It forms'»the basis for the ^tire 
operation of supply within the unit. Because of its importance, it is a - /^^^ 
responsibility of each unit commander to determine the requirements of his\Tvj 
or^gajiization. Determination of requirements is best defined as the detennl^flftfion 
of the needs or demands for equipment," resources, facilities, or services, by 
specific quantities, for specific periods of time, at 'specified Umes. Basically ^ 
it is knowing what you need to operate. V . .. 

"^^ Procuremetit. Th1$ is the tool or method by whj/h\eeded material is obtained. 

Procurement can best be defined as the act of /eqO^sitioningu purchasing, renting, 
leasing, or otherwise obtaining suppUes or services. Althqijqii the term ^ 
procu^ement is commonly used in the Marine* Corps in reference to the .purcK«fcpf 
supplies from sources outside the Marine Corps, it is* not limited to that mlfaning 
when used in reference to the supply cycle. For practical purposes, the term 
• procurement pertains^to the;^cOuisition of supplies and equipment, regardless;of 
source. y , 

Distribution. The final element of the supply^^cle is distribution which involves 
the methods and means of movlrlg supplies from where t^hey are initially received to 
the user. Simply^ stated, it is th^ issue of supplies to; the individual or unit for 
which the requirement exists. Distribution , a \so includes the receipt, invoicing, 
and accounting for supplies- 

EXERCISE: Answer the followng questions and c'heck your answers a^gainst those listed at the 

end. of this study unit. ^ 

1. What does the term SASSY stand for?^ 



^ — ^ — . , - 

2. List the three basic operations that make .up the supply cycle..- 

v.- 



Work -Unit 5-6. ORGAHTZATION AND FUNCTIONS , 



STATE THE FUNOTION OF THE PROPERTY" (]|l^rROL' OFFICE , ^ 



• ^ fntroductlon . A property control office may be known as post supply, battalion supply, 
or tlid supply office* The title Itself is not as Important as understanding the functions-of 

'the unit. This is the office which performs the organic property control functions far its 
parent act 1 vity,ir)r unit. The propefty. control office is organized Into sections to perfym ' 

^the supply functions 'Required for support of the organization of which it is 3 part. Wifbih 
FMF units (regiments* battalions, "companies)* the functions are kept to aminium consistl&nt " 
with thj accognting and reporting reJjuirements of the unit* At post or station activities, 
the functions may become extensive* and a more complex. ocganization is required. The specific 
organizaion of a property controj off ice,' is cle^termlned by the needs of each activity or unit- 
The organization is under the direction of the property control officer or supply officer* 
Th(^ office is ge^nerally orq'anlzed arouhd the function to be performed and within the personnel 
limitations. Other factors whtch can affect the organization are: 

> , — Number" and size, of supported units. 

. • * ■ 

Size of storage area, if any, that must be maintained. 

^ Volume of items controlled. ' * ' 

Source^s of supply authorized. ' ■ ^ , 

Volume^ of correspondence or extent of administrative duties. 

Functions . As a general rule the functions of a property control of flee include^ 
administration, pr\)curement^ receiving, issuing, and maintaining records. These tasks are 
grouped below with the applicable function/^- ^^^"lember that these functions may be combined or 
subdivi(|ed, depending upon tf*e size of the organization. 



I. 



Administrative section. 




Ar|ministering aj^^i^ating the property control office. 

Preparing all 'lsu)nBj||widence pertaining to supply administration^ ^ 



InitiBfting acti'on^^Jative t^fVeports of investiffjitlon and special 
administration. 

Prescribing internal sequrUy negulations to insure safeguarding of all 
supplies and property control records. y 

Performing internal 'inspection of supplies and examination of property control 
records. , ^ . \ 

. Controlling transportation requests, meal tickets, and "cash- on hand" available 
for meals and transfers. 

Controlling issues and safes of GovernmeYit property, and safeguarding funds 
derived from sales. * * • * 

•» 

Keeping the commanding officer advised of the status of supplies and the 
operational efficiency of the organization. ^--^ 

"Property control records maintenance section . ' * ' 

Maintaining the supply records. ' s , 

Processing receipt and Expenditure documents to reflect the transaction on th^ 
' records. - 

Recommending iubstitati^^ and/or procurement action for replenishment of 
stocks, and eitablishin^obligations whfen requested items are not available for 
immediate issue. ' '\ ■ 

Preparing necessary quantitative and monetary reports required" by higher , . - 
authority. ' • « ^ * 



Reporting apparent excesses for possible disposal action, 

♦ • • 

Maintaining records of nonexpendable j)roperty in the h^nds of unit property 

officers. 

- pQsiing issues and recovery action on the appropriate custody record cards, and 
preparing new c^rds as required. . 

f rocuremeot section , ^ 

Screening all procurjement requests and determining the method of procurement. 

Preparing requisition fonns^ * S ' \ 

Preparing requests for open purchases lind/or purchase orders . 

Furnishing copies of documents to the fiscal ^f icer for igation and • 
expenditure of funds, • . 

Maintaining written records of bids and quotations In purchasing, ^ 

Enter^tng'^to contracts or agreements involving the expenditure of Government 
funds upon approval of proper authority. 

Controlling imprest funds pwrchases, if required, ^ 

Receiving section . • . ^ . 

Preparing records and distributing inspecticjt^ reports and rejection notices. 

Verifying and ^accompl ishing ihcoming bills of lading, ^ , 

Forward iag^r if ying receipt documents to^roperty records. 

Initiating action on material lost or damaged in shipment, 

9 Issuing section . * / 

Issuing and withdrawing supplies from stock, - - 

Disposing of material in accordance with prescribed regulations, and 
maintaining records of suCh action, ^ 

Maintaining catalogs, allowance publications, and stockage objective data, 

^- Forwarding copies of issue documents to property records. 

Not all the abovfe tasks are performed by every conlrol office, nor. are they the only 
tasks that may be performed by some offices. They are fairly representative of the tasks that 
may be encountered at various activities, A thorough understanding of the f itjndamentals of 
organic property control will enable you to acquire and develop the additional skills required 
for th'ese tasks, ^ , ' . " . 

EXERCISE: Answer the following questions and check your answers against those listed at the 
end of this study unit. 

1, State the functij^n of the property control office, .. • 1 



'^2, Perfprming internal Inspection of supplies is a function of which section in the 
property control office? . ^ . 

.. ■ • « . . ■ ■ " ■ 

a/ Administrative section 

b. Property, control records maintenance section - 

c. Procurement section 

d. Receiving section 



Work Unit 5-7. REQUISITION^; ' ^ ^ ' ' 

STATE THE PURPOSE. OF THt DD FORM 1340. ^ \ 

The ability of a unit or activity tX) accomplish its mission maj^ well depend on the 
supply support it receives, and more specifically 0^ the efficiency of its own Supply 
function. In order to maintain Its operational capability, each unit must have knowledge of 
three basic f^cts concerning its supply position: first, what kind of suppllej It is 
authorized; setond. what kind of supplies it already has; third, what kind of supplies it 
needs. Knowing what you are authorized and wh^t you haveNs the first ste^ In- determining 
what you need. At this^ point you are principally concerned with what you do^fter you have 
determined what you need. Generally, material needs are satisfied by the submission of 
.requisitions to your authorized supply source- Many organizations have one source and some 
have more than one, including commercial sources. 

, Nonnal sup ply channel . The large majority of supplies and repair parts will be 
obtAitied through normal supply channels, ^ The requisition may be submitted by you, the 
equipment chief, or your designated representative, normally a^parts clerk. Normally, the 
requisition 1s submitted on a OD Form 1^48 (fjg 6-1) which requires certain minimum 
Information to be filled in the appropriate blocks as shown in. the legend.. ' 
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r<K UokM stock wjMbcn I ddcuMiMi htW^m [ 
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I 



J. 

2. 

3. 
A, 
3. 
6. 
7. 



l.EGKNO if 
Hlock A. Uiyor battixllon supply office. ' 

lilock ]l. Kntor the applicable section of'tho roqiilsltioncJ\ for oxiinipler-hcavy 6quipmo? 

SRction or' motor transport soctton. I *" 

* ■ * . 

niock4-5. Enter the NSN. ' " ^ - 

131 ock 7. Enter Ihe unit of istnie, 

. . • ■ -..^ I 

Hlock B. Knter the quantUy desirod or needed, ^ - ^ 

Block n. Knter JulStin date. ' 

Dlock 12, Knter the locally Resigned serlal number, Serial nunibdra v»^lll bo aasigncd se- 
qutiiitially and will no! he duplicated on the same day. S«rtal\nunibera wIU be 
assigned by. fiscal year, beginning with ^^^1 through 9999 or J^i block seqi^ence, 
l^voUimc warrftiitB. start with ^^^1 each day, woek, month, or quarter, as 
appropriate* % . 



Block 20. ■ Enter priority of ^.tqueat. 

Block l,-0. Enter brief nomenclature of item reques^d. 



» ■ 



Fig 5-1. OD Form 1348. 
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BtST COPY AVAILABLE 



Pending requisition file * After you or your^arts clerk have subinltted your 
requisltioh tor tSe required stippHes or repair p<irts/you should establist) a pending 
requisition fll^. This Is simply your file copy of'the requjji^tlon with yoflr locally assigned 
serial, number. Within a few days after submission 6f your requisition, the supply officer 
will give you a copy of requisition which they submitted to their supply source. If you 
have not received this ,Qopy within a normal time frame, you fhpultt check with the suppl)^ 
office to see If the materlaVhas been ordered and to make sure your requisition hasinot been 
tost. Now that you have a copy of the requisition which was submitted by the ,^upply office, 
you can throw your copy of the requisition aw^* You shogld now establish a second pending 
requisition file which consists of file copies of requisitions submitted by supply. . 
office. You now have two pending requisition files; one which ^contains copiefeof your 
requisitions which have not been ordered by th6^ supply office, and a second fii(& which 
contains copies of :requis1 tlons which have been ordered, 

» . ^ 

Backorder yal 1 dation >. After you have ls;ubm1tted your>equisit1on to the si^pply sourc^ 
and have rec'ei ved /VOUr file copy of their requisition, you pannot ^^afford to just sit back «d 
forget things until the material is received. Current supply x)fcfoirs require the supply 
officer to conduct a batkorder validation with your records four times ^ year. This. Is simply 
a procedure used by the supply office personnel, and yourself to make sure that all information 
in your pending requisition file agrees with theirs. Most supply officers skt up procedures 
to accomplish this backorder validation more frequently, such as once each month, in order to 
reconcile errors or discri^pancies on a more timely basis. If the supply officer has not 
est<aib- lished^ls procedure, yQU should consider doing it yourself. This can be. accomplished 
by $1mply takirtg your pending requisition ftles to the supply office and setting down with'the 
supply office clerk, * You should check each of your pending requisitions with the vopies on 
file in the supply office/ At that time yvu must check for changes In stock numbers, quantlr 
ties, and other data which may have been changed or an error has been made. Also at this time 
the supply office personnel may be able to give you current Information such as when you may 
be able to expect to receive the Items you requested. 

Requisitioning from self-service centers . 

Introduction . In the Marine Corps supply system, there are-certain Items which 
are low-cost, fast-moving, expendable supplies. ^ These items are very suitable 
for Is^e to organizations on a pickup, or self-service basis. This method 
eliminates the normal delay for requisition processing and pulling and marking 
of material for delivery or pickup by the requlsltioner. This type of 
operation within the Marine torps Is referred to as a self-service center. The 
same type of operation is conducted by the General Services Adhilnlstration and 
by other military services. Those self-service centers have four basic 
objectives: ' ^ 

^ Improvement of supply support to using units by providing a single 

distribution point for specified Items. > 

"si mpl iff cat Ion of supply and accounting procedures by using ^he ^ 
selff service center as ithe single requisitioning agency rather than 
submUting individual requisitions to the stock, account • 

Improvement of supply practices at the unit level by discouraQing the 
ordering of excessive quantities through the assurance *o using units that 
supplies distributed through self-service lenters are available at all 
times on a self-service basls^ * , 

Increasing the cost- consciouWss of consumers through the use of monetary 
■ controls. The self-service ceirtersHnrgnprtmariJy responsible for providing 

supply support to organizations geographically located'^so that an 
authorized representative may conveniently visit the s«lf-5erv1ce center 
and obtain the desired supplies. 



Sel f-service center gustyters * vMtH^n the supported organization is located on 
the same base as- the .self^-serv1c# center, or within a reasonable distance from 
the base, ar authorized representative of the supported unit will purchase in 
f person from the s^li"- service center. In order that representatives of 
supported orjani^atlohs may identify themselves as authorized customers, 
credit plates are issued by the self-service center. Commanding officers, as 
customers, ,are responsible for the type and qu^intity af items ieleclftl.by 
customer representatives. The sel f-service center has no responsibility for 
verifying or checking the allowances of items selected by the customer 
representatives. 



EXERCISE: 



I ssues from self ^seryige centers . Only authorized customers, those who have arUv 
authentic credit plate, are permitted to purchase- suppl ies from self-service * 
centers. The customeif' must show his credit card as his identlficatiorv before 
entering the self-service center. He then selects the desired items from 
shelves or bins on a self-service basis. At the checkout counter, t^i^ cashier 
lists the selected Items oh a cash reglstet". After all items have b^en listed, 
the cashier totals the sale, imprints the custojner's tredit platp orl the sales 
tape, and asks the customer to sign the original' copy of the tape* A tripli- 
cate copy of the tape is given to the customer. The customer representative is 
required to sign a receipt for serialized items. ' ? 

A catalog lists all items available from the self-service center and other in- 
formation regarding the operation of the center. This catalog is pijbllshed by 
the activity which operates the self-service center and is distributed to all 
activitie$ authorized to purchase from.it. 'The catalog, which is t,be basis for 
all issues* contains the stock number, "item name ai)d description, unit of 
issue, and unit price. . . 

Answer the following questions and check your answers against those listed at the 
end of this study unit. 

I 



1- State the- purpose of the 00 Form 1348. 



2. After a requisition is filled out, which file does it. go into? 



SUMMARY REVIEW 



V 



In the preceding work units you have learned the persons ^esponsible/fco:' the admini- 
stration and control of supplies arrd equipment, the "proper use of an item o\ equipment, and 
performing the echelons of maintenance assigned to an organization- You also learned tti^ four 
categories of publication used for^ engineer maintenance. You learned where engi'neer records, 
forms, and reports should be located In the maintenance shop. \You also learned how often in- 
ventories should be^conducted, and the purpose of inspections. You learned what the term 
SASSY means and'which three basic operations >make up the supply cycle. Finally^ the organi- 
zation and function, of the property control office, and the use of DO Form 1348 w^re described 
for you. 
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Answers to Study Upit #5 Exercises 
Work Unit 5-1. 

1. The maintenance officer 

2. Tihe oper^or 

V .3. The uni t mechanic 

Work Unit 5-2 r 

1. ' a. Marine Corps "Supply Manual 

b. Marine Corps Orders 

c. Marine Corps Bulletins 

d. Technical publications 

2. Technical Publications 

3. Modification Instructions 

Work Unit 5-3. 

1. In th^ admini stratfve unit 

2. FALSE 

Work Unit 5-4. ^ 



1, Once each fiscal year * . 

2'. To evaluate the sbpply and maintenance perf-ormance of a unit or organi nation- 

work Unit 5-5. " . ' 

1. Supported Activities Supply System 

2. a. Determination of requirements 

b. Procurement ^ ' 

c. Distribution 

Work Unit 5-6. - ' , ^ 



1. To perform the org^iinic property control functions for its parent activity or 

2. a, Adnini strati ve section 

^Work Uni t 5-7 . 

1. 'To requisition spare parts ind supplies 

2. Pending reVls'^tion file 



EMGINEER EQUIPMENT CHIEF 

K • .\ 

Review Lesson * 

INSTRUCTIONS: This review lesson Is designed to aid yoij In preparing for your flnaf exam. 
You $hould try to cpmplete this lesson <rf1thout the aid of reference materials, but If you do 
not know an answer,, look It up and reipember what It Is. The enclosed answer sheet must be 
filled Out according to- the Instructions on Its reverse^slde ^ind milled to MCI using the en- 
velope provided. The questions you mlss^wlll \fS listed with references on #- feedback sheet 
(MC1-R69) which will be mailed to your comf»andl\ig officer with your final d^m. You shoul.d 
study thfe reference material for the questions you, Missed before taking tH| final exam. 

A. Multiple Choice: Select the ONE answer which BEST completed the . statement or answers the 
quesTtion. After the correspondljig number on the ariswer sheet, blacken the appi«o|Jriate 
circle. • ^ . " - 

Value: 1 point each 

1. During which phase of an ^amphibious operation should you plan for the amounts of con- 
struction materials, equipment; and troops needed for an engineer task? 

a. Scheduling phase c. Planning phase 

* -b.. Reconnaissance phase d. Execution phase 

2. Which type$ of weather are best suited for construction and earthmoving operations? 

a. Cold weather c. Hot, dry weather 

b. Very rainy "father d. Warm, light ratny weather 

3. Which charactertstics infVuence the typf of equipment and construction^ procedures to be 
used tit a construction site? 

a. Topographic characteristics c. Leadership characteristics 

b. Weather charatteri sties d. Equipment characteri sties 4 

4. ^ The local resources that can be used at a construction site include labor, materials, 

and _j . 

a. known saboteurs c. *^unservicable equipment 

b. equipment d, medical personnel 

5. Which is the most desirable form of work assignment? ^ 

a. F<jve paragraph order , ' c. Logistics assignment 

b. Job assignment d. Uhti|^task assignment 

6. Four types of Information in an engineer recpmr^ssance are rogtes, defensive positions, 
storage areas and ^ / . 

a. types of equipment the enen\y is using. c. natural materials resources. 

b. number and location of hospitaTs. ^ d. types of locjjl labor available. 

7. The three types of personnel that can be used to accomplish an engineer operation are 
.troop labor, local civiljans and 

a. wounded personnel. American^ivilians. 

b. prisoners-of-war. ^0^^* children. 

8. You are supervising a project that i^qulr^s 50 acres of land to be cleared. You have 
estimated that your dozers have a calpabillty of work output of 0«25 acfe per hour. How 
many machine hours will- be required tp complete thi$ assignment? The^ formula H»a 

- , ^ 
Where: M « machine hours a * area to be cleared b dozer output per hour. 



a. 150 hours . c. 200 hours' 

b. 175 hours d. 225 hours 



'■'115 ' 
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9. You have In your Force four dozers working two shlTt^ of 10 hours each. Using 



220 machi 
0 



hours, how many days vlll it take to complete the t(^$k? 
, Vhere: p » days . M « M^cl^ine hours a « dozers b ^ 



a. 

b. 



a X b X c 
shifts. 

2.50 days 
2.75 dajys 



The formula: 
hours of work 



r 



c. J. 00 days 

d. -. 3.26 days 



10. What is the purpose of the equipment requirement schedule? 

a. To show dally deadline. . 

b. To show parts requirements. * , 

c. To show the amount of equlpmeift needed for daily requi reoients , 

d. To show the number of troops 'required d^ly. 

Wh^t is ^he purpose of the equipment assignment schedule? 

^/a. To-show equipment usage during 9 constrj^ction project * 

b» To allow subordinate units to plan their equipment usag^ more efficiently 

c. To sHov^ equipment 'deadl ine figures during a construction project 

d. To show the number of troop$ required to .complete the project 

: \* ■ - . ' 

The tvjo schedules whiph^make up ^he construction operations sche\dule are the work 
esti- mate schedule and^Jthe ' 



11. 



12, 



a. 
b. 



:hedi|l( 

equipment schedule, 

work assignment schedule. 



} c. equipment asslgnoitent schoduje. 
d. deadllned equipment schedule. 



13. 



Three simplified methods iof reporting production, progress are the daily report, the 
accumulative report, and the * ^ 



a. monthly report. 

b. equipment report. 



c. morning report. 

d. fragmentary report. 



Matching: In the group of items below (14-18) match the supervision factor in column 1, 
with Its description In Julumn 2, For each item, select the ONE letter (a, b, c, d, or e) 
iridlcating your choice. After the corresponding number 'on the answer she^t, blacken the 
appropriate circle- * / 



Value: 1 ppint each 
C(/lumn 1 
Supervision factor 

14. Defense and security of job >*• 

15. Morale > 
16 1 Health ' 

17. Training ^ 

18. Working conditions 



Column 2 
Description 

a. Continuous flow of krtowledge and 
information. . ' 

b. Weather, terrain, safety, 
, • precautions, insects and' vegetation 

affect this factor. 4 

c. Adequate. warning and outpost sy stems. % 

d. The mood or spirit of an indivicujal 
or group with respect to performance 

« and devotion to duty.' 

e. Anything that affects or damages 
members of your crew towers 
production output, which In turn 
affects completion schedules. 

Multiple Choice: Select the ONE answer xhich BEST completes the statement or answers the 
question. After the corresponding number on the answer sheet;^, blacken the appropriate 
cirtle. 

Value: 1 point each ^ - 

19. Three"" techniques of equipment supervision are inspection, maintenance and 




a. personnel rosters* 

b. project schedules. 



c. reconnaissance reports. 

d . mai n tenaticr schedul es • 



?.0, * Two t(^Chniaues of job supervision a^e persanal inspection ^nd 

a/ phys'^cal ''fitness training. ' ^ 

h. close order drill. * * 

c. el iminati(^ of bottlenecks^ 

d. reducing Cne number of tronps and equipment available. 

?1 . What is a bottleneck- in relationship to c(*n engineer project?. 

a. When the project is running smoothly and no problem*; are visible, 

b. A factor which causes a decrease in work output. 

c. A j^ctor,,that can be used as a training device after successful completion of a 
project . . ' • 

d. A Vactor that can increase work output.- 

32. What is the pur/pose of'an inspection? 

a. To harass the operators into doing proper maintenance 

b. To allow con)manders at al] ecfielons to de^termine the serviceability of their 
equipnierit . . ;\ • 

c. To allow unit (nechanfics sorne.J:hing to do during slack periods* 

23, How often should an equipment in$pection be held? ,^ 



a. Often enough to demonstrate to.the troops that emphasis is placed on preventive 
maintenance. . ^ ' 

b. * Once every two to six weeks so that troops will always kT^ep their eqilipmefU: in 

good working order. ^ 

c. Once a quarter if flme chu be made ^yatilable. 

5!^ Once a year during slacl^periods of operation | ^ 



J 



The three types of engineer equipment Inspections arp commaad inspections, continuous 
spot check inspections, and , V ' . 

a. Inspector General inspections. ' 

b. Commanding General -inspections^ 

c. quarterly inspections. 

d. technical inspections. . . 

25. What is ^he primai^ use of a crav^ler-tractor? 

V 

'a. Grade roads and airfields { 

b. Oig trenches . 

c. Short haul excavations 
, d. Compacting fills ' ^ 

26. Which types of operations are best suited foryf/h^eled'tractors? 



r 



\ 



a. Short haul excavations 

b. Compacting fills 0 

c. Hauls long enough to develop high average haul and return speed 

d. Pushing rock' in quarry 

27. When are scrapers rflos.t efficient? 

a. When operating ?n light and medium "ftyiH relatively free ot ro9ts, stumos 
boulders « . • ^ ^ 

* \f\ When operati\pSi in heavy compacted soils full of stuflto^ and boulders 
c. When grading roads and airfields w 
' d. T^hen 1oad:^ng fin^, dry sanM 'W: 

28. What is the basic purpose of crane-shovels? * 

*;a.- Driving piles for b/idge construction / ^ " ' 

b. lifting a lo3d and placing it in a new positifcn 

c. Grading roads and .airfields by the use of the\backshoe 

d. As push vehicle for scrapers . _ . ^ 



and 
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29. Which type of operatlonjLS beit suited for road graders? . 

a. Working In areas with wet, heavy soil 

b. Making sidehlll cuts and fills ^ 

c. Pushlna rocks onto 4ur6p trucks J 

d. Malnta^tnlng roads arid al5;Melds and general construction 



30. 



Calculate, by the use .of the formula given, ''the compacted volume of dry sand an 
MRS-lOB SM-71 scraper can haul per cycle when fully loaded. 



a X b ?. c 

a « size of load 

b » conversion factor 

c ' compacted volume in cubic yards 

Select the correct answer from below. 

a. 19.1 cu. yd. 

b, 17.2 cu. yd. 



V 



) • 



c, 14.2 cu. yd. 

d. 12.9 cu. yd. 



31, 



alculate, by the use of the formula given, the weight" of a load oigly, san 
RS-105 SM-71 scraper can haul when fully loaded. ^ ' 



C 

MRS 




33, 



a ^ e = 1^ 

a ^ Site of load I. ^ 
e = weight in pounds/of , one cubic yard 
f ^ Weight of load in pounds 

^ f ■ -/ 
Select the correct* answer from below. 

1 ■ 

\. 42.60Q lb 1 
b. 51.120 lb J 



c. 56,800 lb X 

d. 58,600 Ib^ 




Using Hhe/given formJl^a, calculate the total tilme per cycle of an MRS-I-100 with an 
MRS-IO"^ v5H-71 scraper ^ulihg 10\000 ft to a fill using 3d gear at 8*8 mph. The 
MRS-I-loq returns by a di fferent route, traveling 12,M0 ft at a speed of 12.4 mph in 
4th geaf^ . / ^ * . ' ' 

i: V + Ji + V2 
Fixed time in 



Formula: F + + V2 T * , 

F = Fixed time in min. - 
Vi ^'VarUbl^ time to fill area in min. 
V2 = Variable time for return trip in min. 
''T -*Tota1 time per cycle ' ^ 

Note: See fig 2-44 in ^tudy Unit 2 .of/'text for needed Information. 
Select the correct answer.' ^ • 



r 



a. . 22.7 mIn • . , c. 28.1 mIn 

b. . 25.8 m1# . d^ 29.2 min 

Calculate,, by the use ^f the formula given, theV railing resistance for an MRS-I-100 
tractor/scraper traveling over a putted dirt roadway (1" or more time penetration). 
The weight of the soil In thfe scraper is 56,800 lbs. The weight of the tractor ^s 
34,710 lbs.* The weight of the scraper is 28,850 lbs. " 



R ^ Wr 

nr 

R = total rojlling resiistance (DBPP) 
W * total weight ' 
D = drawbar pull in lb/ton (2,000) 
r =Vres1 stance Vactor » 

Select the correct answer from below. 



a. 
b. 



4,209 DBPP 
5,902 DBPP 



c. 9,027 DBPP 

d. ' 10,121- DBPP 



\ 
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3*1. Calculate^ by the use of/the formula given', the grade resistance of a tractor/scrapej , 
weighing 120, 360 lb, required to climb a 3% j>d verse slope^ 

f P g W X b X g . , ^ ' 

. P = pounds pull recmired _ ^ , . 

W ^ gro^swelght \ ' i ■ 

D * shorf^ijn (2,000 lb) fv 

b = lb of OOP (20) ' ' * . . / ^ 

g «^ grade percent . ' ' * . • 

SelectHpfce correct answdr from bfelow. . ' ^ ' 

a. i;361 D8P c. 3,116 DBP ' . 

. -|)./2,361 DBP \ , d. 3,611 OBP • > ( 

35. Calculate, D^he 'use of the formula given, the available DBPP for a Case MfC 1150 / 
scooploader operating at an altitude of 8,000 ft., for intermediate range- / 

Formula: . a - b Where: a .= working elevation" * , ^ , 

c X e = f V b = ^elevation below which 

7 ^ ^ - ) altitude has a negVfgibJe 

g>.f/=ir effect (3, OOQft) - % 

. h X i = j ' c = elevation efficiency effects 

^ on engine 

d = l,000ft elevation (constant) 

e = 3% decreas.e in power (DBPR) ' \ 

per 1,000 ft of elevation 
f = total % decrease in. power \ 
g = lOOX (constant) 
h total % power available 
41 " y ^ " ^otal DBPP (fig 2-2) 

• j = available DBPP 

V. Select the correct answer from below. 

L a. 27,1 57*5 DBPP c. 52,817.1 DBPP % ^ 

b. 28,157.1 DBPP^. , . d. . 76,281 .3 DBPP ^ • \- 

36^ J^^late, using Jthe information given, the useable pounds drawbar pull for an 
^ nPP-I-100 rubber-tired tractor, without scraper, on a loose gravel road. 

• weight of tractor = 34,710 lbs ^ / * " ^ 

weight distributions 44% 

weight on drive wheels * weight of tractor x weight distribution 

aximum coefficient of friction/=^ .36 . ' . 

useable lb pull = weight on drive wheels x maximum coefficient of friction/* DBPP. . > 

) " \ 

Select the correct answer 'from below. / ^ ^ ' . 

' * ■ ■ , - 

a. 4589 DBPP ^ f ' c. 8549 DBPP^^ > ' ' . 

• b. 5498 DBPP v ' d. 9854 DBPP ^ . ■ ^ 

37. What is the operational efficiency of crawler-tractors* during daylight? 

a. 67% with the tractor working \45 min/hr . ' *' - 

b. 76% with the tractor working/48 min/hr ^ , * , * 

c. 83% with the tractor working 50 min/hr ' ^ ^ 

\ . d. 90% with the tractor working 55 min/hf . ' ' 

38. Wha< is the operational efficiency of wheeled tractors at n1gKt? '^i.' 

^' * ' ■. 

a. 58% with tractor working 35 min/hr . c. 65% with tractor working* 40 min/hrr -v 

^ b. 60% with tractor working 40 min/hr • d. 67% with tractor working 40 min/hr .X\^ 

39. What is the pui^pose^f Vclearing operation? ' . 

a. Removing objectiopal topsoils and sod . u; 

b. Removing trees, doWVied timber, rubbish, and material erpbedded \^ the ground 4' ^ ''^'--^ 

c. Trimming trees so there are no'hangloig branches ^ 

d^ Uprooting and removing roots aod. stumps ' ' ^V; 

^ A ■ . R^5- : • . ^ . V 



40. What is^ the pu?)(Jos^-of a grubbing operations? 

a. ReiriQying trees ahfl^own timber. 

b. Removing rubbish arf<J material Imffgdded In the^ ground. 

c. Removlng^obj actional topsolU and sods. 

d^ Uprooting and removal of roots and stumps. 

41. What is tH^ purpose of a stripping operation? 

a. To remove and dispose of objectional topsoils and sods. 

h. T^Dutrlw all low hanging branches and shrubs. 

c. To uproot and remove roots and stumps 

d. To remove trees and downed timber. 



42 , Whi 



ch type of equipment is best suited foj; backfilling? 



a. Dozers 

b. Graders 



c. Scrapers 

d. Cranes 



43. Which type of dozer is best suited for sidehlll excavation? 



a. Bulldozer 

b. Smallj^02^r 



c- Angle dozer 
d. Large dozer 



44. The two .commoaly used methods for finishing side slopes are parallel and 



a. 5lot». 

b. diagonStT. 



c. backfilling. 

d. blad to blade. 



45. Three me tf^ods used to increase the production of dozers are blade to blade, downhill. 



and 



dozing- 



a. grubbing 

b, slot 



c. clearing 

d. stripping 



46. V Using the forumula 0 '^ QxFxSOxE , calculate the production estimation of a Terax 
82-30Jt tractor for the following problem. ♦ . 

A Terex^2-30M Is dozing common earth (loam). Assuring that the limitations allow the 
machine xo dig and carry material forward- in intermediate and return in high reverse, 
what is Hhe bank cubic yards production capacity of the dozer with a 100 ft pushing 
• distance? 



0 = output per hour^= ? 
Q = capacity of equipment = 7.9 cu yd. 
F = soil conversion factor = 1.25 
50 =^ min per hour 

E ' Equipment efficiency factor = .83 
C = Cycle time = .63 min 

Select the correij^ answer from below. 

a. 460.3 Banked cubic-y^s per hour 

b. 650.5 Banked cubic yds per hour 



c. 781 .,6 Banked cubic yds per hour 

d. 871.8 Banked cubic yds per hour 



47. Downhill and straddle loading are two types of Ipading used with a scraper.. What is. 
the third type of loading ^used .that re1|Nires teamwork to eliminate waiting time? 



a. Loading with shovels. 

b. Loading with cranes. 



c. Loading with a push dozer, 

d. Loading with a scooploader. 



48. Why should haul roads have a heavy cpmpacted cover of>^good material? 



a. To Withstand traffic. v . ; 

b. So scrapers cart overhaul. ^ ^ ) ' 

c. To save graders for other jobs.* ■ % 

d. So crawler-tractors can move from job|to job faster. 



ERJC 
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49. Why do turns cause a loss of time in hauling operations? 

a. Scrapers turn pver. 

b. Scrapers have to stop each time they shfft gear%» 

c. Scrapers have to slow down, shift gears, and travel extra distances. 
^ d. Scrapers have a tendency to 4Hde in curves. 

50. Two methods of constructing fills 'i^ing a scraper are unloading and 



a', straddle loading, 
b. tandem dozing. 



c. grubbing. 

d. rough grading. 



51. Usi«g the formula 0 = Q x F x 45 x calculate the production estimation of a tractor/ 

■ ■ ■ c ■ . 

scraper in the following prolem. 

' \ An MRS-I-IDO tractor pullV^ ai;^^ MRS- 105 SHr7J.,. scraper hauls, loam to a fill area a dis- 
tance of 2,500 feet. Travel IrfiritoT^tj^ 'fill ^^ea in 2nd gear and returning in 3rd 
gear, what is the volume of mal^r^'al'Vthat caijt>& moved per hour by this unit during 



daylight hours? 

0 = Output per hour 

Q » 10.50 

^ F « 1.25 

45 ^ 45 

E - .83 

C = 5.52 



it -^J^r 



Select the correct answer from below. 



a. 80.18 cy yd per hour 

b. 88.81 ^cu yd per hour 



c. 95.06 cu yd p^ hour 

d. 101.60 cu.yd Mtoehour 



52. What is the purpose of marking ditches during cutting operations? 




a. So the operator -will know the width of the road being cut,, 

b. To get material to build up the crown of^ the road. 

c. For better blade control and straighter ditches. 

53. What depth s'hould ditching cuts be made during cutting operations? 

a. Deep enough to stall the grader. 

b. Just deep enough so there is not strain on the' engine. 

c. As deep as the ojieratpr feels necessary to get the job done. 

d. As deep as possible without stalling or losing control of grader. 

54. Which grader operation forms the crown of a road? 



a. Leveling windrows 
'b. Moving windrows 



c. Making ditching cuts 

d. Sloping the bank 



55. Why is bank sloping necessary? 



a. To allow the ditch to fill up faster. 

b. To prevent excessive or inroediate erosion of the bink slope. 

c. To get more material for filling operations. 

d. To build up^the crown of the road* 

56. What purpose does^the crown of a road serve? 

a. As a, dividing lina between tanes of traffjc 

1^. Ta allow easier grading of the roadbed. ' 

To remove sucface water from the roadbed 
d. To pile dirt Toir final removal - ^ 

57. What are t^je^wd methods used to maintain a surface with a road grader? 



a. 
b. 
c. 
d. 



Slot (^zing 4nd blade-to-blade 
Scarifying and material distribution 
'S^arify^ng and b1ade-to-*blade 
Material distribution .and slot dozing 




m 
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58v Estimate; by using of tfie formula given, the work output of a grader in the following 
problem. ■ - ^ . 

^ Total time (hrs) PD PD + PD ^ 1 
P ^ number of p^s^es 

0 » distance In miles , , - . 

S = speed ' ! 

N£ efficiency 

Tiiree miles of r^oad are to be reshaped by a road grader. S1)^ pass&s are estlmate'd to, 
beVrequlred to complete the job. The type of material to be worked permits passes l' 
and Z to be mae In 2d gear (2.8 niph), passes 3 and 4 In 3d gear ''(3 .4 mph), and passes 
5 and 6 , In 4th gear (5.6 mph). How much time is required to complete the project? 
(The eff1(^enc| factor Is 0.70), ' - . 

'Select the correct answer from below. . ^ 

a. ' 2.18 hrs ' c 5.21 hrs 

b. 3.26 hrs • |. d. 8.12 hrs ' 

: ' • /■ ■ ^ . |: 

59* Two fa'ctors that are important in the elimination of unnecessary passes are planning 
and the . ' 



a. proper working speed. 

b. number of graders. 



c. skill -of the operator. 

d. type of grader being used. 



60. The two types of ^cranes used in the MavTne Corps are the truck-mounted and the. 



a. angle mounted.,. 

b. ovefhead mounted. 



c. hydraulic mounted. 

d. crawler mounted. 



61. Why is a shovel front the most widely used type of excavating equipment? 

a. Because it can be used where controlled excavJirton is required. 

b. .Because it can dig harder materials. 

c. Because of the ease with which it can be transported. 

62. When is a clamshell best used? v ' ^ 

a. When working against a h^gh- working face 

b. Where controlled excavation is required, such as trenches or footings. 

c. When working in solid rock ^ 

d. When excavating drainage canals 

" 

63. For which type of operation is a dragl ine -^generally used? 

a. For operations such as drainage canals where extended reachf is an important factor. 

b. Where controlled excavation is required. 

c. When working in solid rock ^i. 

d. When working against a high woricing face ' 

64. What is the primary use of a baskhoe? \ 

. a. Excavating drainage canals ^ . * 

b. Working in. solid rock . , 

c. Operating wh$re extended reach is required. 

d. Digging below ground level 



65. 



The three tests used for soil classification are sieve analysis, wet mechanical 
aniilysis, and . 



a« wet sieve analysis, 
b. rock analysis. 



c. combined mechanical analysis. 

d, jjanual analy$is. ' . \. 



66. Plasticity, moisture con*tent, shrinkage, swell ing, - Hand bulking of sands are proptfrti|?s 



of soil, Which is another property ot soil? 



a. Saturation point 

b. Sand content 



•c* Cohesion 
d. Organic content 
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Matching: In the group of itt»$ b^low (67-70) i watch each of the four soil groups In col- 
umn 1, with the appropriate characteristic In column 2. For each Item, select the ONE 
letter (a, c, d, or e) Indlcat^lng your choice. After the corresponding number on the 
answer $he*t, blacken t»>e appropriate circle. 

Column 1 Coll5nn 2 

. Characteristics 

* a. Grain size large than 1/4 in^ 

b. Solid bedrock 

c. Fibrous torture 

d. Plasticity and compressibility 
: e. Grain size from .lOnm to .2jtin 



Multiple Choice: ^ Select the ONE answer which BESTtcompletes the statement or answers the 
question. Af ter ^he corresponding number on the answer sheet, blacken the appropriate 
circlev • ^ 

Value; 1 point each ^ ' ^ — 

71. The three tfiffe^rent ^pes of surveys used Qn a construction site are the reconnais- 
sance surve/, preliminary survey, and the,* i i 

ajji^per-sonnel survey. ' ' c. final, survey. 

construction layout survey. d'. pre-constructlon survey: 





72. Wh^t is the primary use of construction stakes? 



a. To allow the eouipment chief to follow the progress of the project ^ | 

b. To indicate the^alinement of the project to the equipment operators and ^ 
'construction crews ' ^ ^ 

c. To provide more work for the construction crews, talcing and pUcing the.^stakes 

73. What methods arc used to drairw^urface water from roads and Hirfields? 

a. Adequate crowns or transverse slopes c. Adequate pf^owns and drw)age ditches 
b- Drainage ditches and culverts ^ d. Transverse slopes and cuW^rts 

74. What type ^f drain is yled to eliminate water in the sUbgrade or base courses of a 
road or airfield? a . - 

a. Surface drains ' ; C» Subsurface drains - 

b. Temporary drains (!• Outfall ditches ' ' 

75. For what reaspn is a ground reconnaissance desirable at ii construction $1te? 

a. To locate and destroy the' enemy *^ ^ ^ > 

b. ' To find the conditions that affect drainage that can only be seen by Visiting the- 

site' ^ ' ■ ' ' ' • * , . -'V 

c. To get an idea of what local resources are available. / ^. ■ ^ 

d. To locate defensive positions for' troops ^ 

^76. What is the purpose. of temporar/ drains? 

a. To drain water out of strc^ambeds and ponds 

b. Tf» eliminatt delays and future failures <lue to saturated subgrades during 
construe t1 on « 

c. To allow construction crews to work together before actual constriiction begins on a 
project. * • 

d. to%pllect water in a holding pond for recreational uses during construction. \ 

.77. What effect could' the improper selection of a constriiction crew have on a construction 
project? • , 

a. Deletion of on :the Job trill i;ing c. Delays In operntioni 

b» Expedite materiali delivery d* CNrfgts in traffic overlays 



78. What 1$ the purpose, of a traffic .clrculatlpn overlap? 



a. To plan for traffic signals 

b« To find an agreeable location for the dining facility 

^ lo allow untrained operators to be utilized \ 

d. To eliminate bottlenecks ^ ~. 

^ ^, . , . . . J .. _ .' ' : .... 

79t Clearing, stripping, dItcHIng fnd channeling, cutting and filling, and fine grading 
are tasks necessary to begin a construction project. Whlc^ Is another task? 



a. Soil analysis 

b. Compaction of soils 



c. Setting up a quarry 

d. Elliyilnatlon of windrows 



60. 



Organizational maintenance and intermediate maintenance are categories of main- 
tenance. W>iich Is the third category of maintenance? 



a. Depot maintenance. 

b. Base maintenance. 



c. Division maintenance, 
d* Fleet maintenance. 



tching: In the group of Items below ^81-83) match the category of maintenance In colMn 
to tfje echelons of maintenance In column 2. For each item select ONE letter (a, b, c,* 
d) indicating y^|yir choice. After the corresponding number olh the answer sheet, blacken 



Matching 
1 

br 

the appropriate circle. 



Valine: 1 point each 
" / Col umn 1 
Categqries of maintenance 

81. Oepotf- 

a?.'' Interineaiate . , 
83. Organizational 



Multiple 
question 
circle. 



64 < 



What 
a. 



Column 2 
Echelons of maintenance 

a« First and second 

b. Third and fourth 

c. 'Fifth 1 

d. Sixth r 



Choice: Select the ONE answer which BEST completes the statement or ansy^ers the 
A'ftete^he corresponding number on the answer sheet, blacken the appropriate 



Value: I point each 



Is the major objective in establishing a repair shop organization? 



provide a basis by which^ management can most efficiently maintain equipment In 
^ a serviceable condition. ^ ^ ' 

b. S) that the equipment chief can have better control of his troops. 

c. T) allow the equipment officer more" time to oversee construction operations* 

d. , T) gli^e troops a bttter opportuni t/ to, work closer » together and to be able to 

c '^oss trail). , * " . . * 

Matching:/' In the group of items below (85-88), match the unit In column 1 with the re- 
sponslbillty in column 2* For each item select ONE letter (a» b, c. d/ or ,f ) Indicating 
your choice. After the corresponding number on the answer sheet, blackert t^e appropriate 
circle. . 



Value: 1 point each ^ 
Column 1 ' 
Unit 

85. Administrative 

86. Inspection . 

67 . P rodu Ctl on cprftrol 
88 r Repair parti J 



CoiumriZ 
Responsibility 

a. Establitji priorities for work' to be 
■■ .ferformei'\VvS^'^^- 

b. |li1nl;Alh i^quktf ^^^^^^ 

c> Acconpl 1 ih the work 1 1 s|l(t on ; 

EquipMpt Rtpiilr Ordtr 
d. : Ihtur»; thit ^^^^ have 

been perforMd v . 
I^^^ihipect IncQiilrrg equipment record 
• M;Hf or c<pp1 eteness ' : . 



I. Multiple Choice: Select the ONE answer which BEST completes the statement or answers the 
question. After the corresponding number on the answer stieet, biaok^ the appropriate 
circle. , 

Value: ^ point each - . . j| 

89. The two metJ^ods of operation in a maintenance shop are production line method and 

^ a* piece method. schedule method, ^ 

b. Job method. d. ihop method. 

90. The two types of maintenance areas are temporary and . 

a. permanent. c. stalls. 

b. large. • d, grease racks. 

' 91. Which of the three types of servicing areas is the safest for service on the underside 
of engineer equipment? • , 

a. Grease pit c. Combination grease rack and pit 

b. Grease rack ^ * d. Grease stall 

92. Where should special tools and equipment be placed in a maintenance shop? 

a. In the tool room c. At or near the workbenches 

b. In supply , - ' d. In the administration office 

93. Which factor determines whether or not you hi^at your shop? 

a. Size of the shop c. Amount of equipment being serviced 

b. Number of personnel d. Geographical location - |^ 

94. How should exhaOst gases be removed from the overhead of a maintenance shop? 

a. Remove panels in the r^oof 

b. Use a smoke eater 

c Use ventilating fdns'with roof openings 

d. Spray water in the. overhead ✓ 
' ■ • . 

95. Who is responsible for the adrttlnistratlon and control of supplies and equipment in an 
engineer shop? 

a. The unit mechanic 

b. The equipmer>t chief . ' ' 

c. The equipment/maintenance officer 

d. The a^dministration clerk < 

96; Who is responsible for the proper use of an Item of engineer equipment? 

«i 

a. The unit mechanic c. Tbe equipment chief 

b. The equipment operator d. The equipment^of fleer 

97. The person. responsible for performing the echelpns of maintenance .assigned to -an 
organization is the^ 

a. unit mechanic, \ c. supply man. ^ 

b. equipment operatolf. d, equipment chief, 

98. Thii^four categories of\publications used for enginiler maintenance ^are the Marine Corps 
Supply Manual* Marine Corps Orders, Marine Corps Bulletins, and 

a. J^G manual. \ - c. Guidebook for Marines, 

b. technical publications. < d. modification instructions^ 

^9. In Which shop unit $hould\engineer records, forms, and reports be located? 

^ v\ . . 

a. The tool room \ c. The repair unit 

b. The inspection unit^ \ d. The administrative unit 



100. How often "should Inventories Ik-inSnducted? 

••■•■/*••■*• ....... . . , 

a. Every three months ^c. Once eac;;) f Heal year y 

b. Every six itwnths d- Every two years ^ f 

101* What Is the purppse of an inspection?. 

■ v'^^ ^ " . <^ 

a. . To harass operators anci mfeh^nlcs ^ 

b. To show a untt the authority of Its leadersr t 

c. To chert quantities on hand agaWist propertKcontrol cards 

* d. To evaluate the supply and malnP^nance performance of a unit 

' ' - ^ 

102. What does the termj^^SS^ st^ind for? % 

■ *,. ' tf . ■ " 

a. Supported Activities Supply System 

b. Supply and Sei*v1ce$ System 

c. Support and Service System - ' / 

d. ' 'Supply Activity Service System . ^ 

I. 

103, ^ The three basic operations that make up the supply cycle are the determination of 

requirements, procurement, and 

a. , acceptance. ^ c. storage. 

b. distribution.^ d^ filing. — 



104. ^hat Is .the furtctlon of, the property control ofWce? 

a! To care for and store excess items* of engineer equipment ; 

b. To collect funds at the d*1n1ng facility 

c. To perform the organk property control functions for its parent activity or unit 

d. To control maintenance procedure^ for an activity or unit 

105. What is the purpose of tfie OD Form 1348? ^ 

" " . • • 

a. Maintenance checklist 

b. Trip ticket 4or engineer equipment , \ 
c* Property contrqil log 

d. Requisition of spare pants and supplies ^ 



Total Points: 105 . ® ' ( 
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